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Pound net effort in the alosine fisheries decreased 
steadily from 1967 to 1973. It has, with the exception of 
the James River, increased somewhat since 1973 but not to 
its former high level. In the James River, no pound nets 
were fished in 1975 and 1976. Gill net effort declined from 
1968 to 1970 then increased through 1975. In 1976 gill net 
effort again declined due t.n thE fishing ban imposed in the · 
James River as a result of Kepone contamination. 
Catch-per-unit-of-effort, in general, rose in 1975 and 
1976 but has not returned to the high levels obtained in the 
late 1960 1 s and early 1970 1 s. 
Landings of the three major alosine species in Virginia 
continued to decline compared to the early 1970 1 s, although 
recovery in isolated instances was noted. Landings of American 
shad in the James River and river herring (alewife and blueback 
herring) in the Potomac River were the notable exceptions. 
The 1972 year-class of river herring had only token re-
presentation in the 1976 commercial catches. In its absence, 
5 and 6 year-olds were dominant. Tropical Storm Agnes is the 
suspected decimator of the 1972 year-class. Appreciable 
improvement of stock density is not expected until the recruit-
ment of the strong 1975 year-class of blueback in 1979. 
There were no U.S.A. offshore river herring landings 
from 1973 through 1975, and foreign landings continued to 
decline. Inshore U.S.A. landings in 1976 declined because of 
V 
a dramatic decrease in Virginia landings. The latter, about 
4 million lb, was only 37% of the mean landing for the previous 
5 years. 
The estimated standing crop of alosine juveniles in 
1976 was the lowest of seven annual estimates conducted by 
VIMS. The next lowest occurred in 1974, while the greatest 
density, primarily blueback, was in 1975. The failure of 
the age 4 year-class may have critically reduced the spawning 
population. Salinity data indicated that nursery zone 
locations must be considered dynamic rather than static 
entities. 
The feeding energetics of juvenile alewife are pre-
sented in an abstract form from James E. Weaver's Ph.D. 
dissertation which was supported by the project. In general, 
he found that ash-free caloric value of fish biocontent, 
daily ration, egesta, assimilation, and respiration for an 
average fish increased from early summer through September 
in each year. Growth, as percent of assimilated energy, was 
48% in 1972 and 37% in 1973, respectively. Mean maintenance 
efficiency was 52% in 1972 and 63% in 1973. Lower water 
temperatures in 1972 may partially account for these 
differences. 
Fertilized blueback eggs were incubated and the larvae 
raised to the tenth day. The experience gained in this 
vi 
experiment indicated that the culture and rearing of 
anadromous alosine fishes would require a sizable invest-
ment of funds and manpower. 
The assessment of resident species, conducted in the 
winters of 1974-1976, yielded 45 species in the James 
River, 39 species in the York River, 35 species in the 
Rappahannock River and 29 species in the Potomac River. 
This decline in species diversity is in direct correlation 
to the decline in salinity fnJm river to river beginning with 
the James River and proximity to the Chesapeake Bay mouth. 
The Rappahannock River contained the largest population of 
overwintering alosine fishes although the overwintering 




This presentation is the final report for the 3-year 
segment 1974 to 1976 and is also the annual report for the 
contract period 1 October 1975 to 30 September 1976. It 
is the ninth report for the continuing VIMS investigations 
of river herring and shad in Chesapeake Bay. Previous 
3-year completion reports were presented in 1970 and 1973. 
The following jobs were contracted for in the 1974 to 
1976 period. 
Job 1. Catch-Per-Unit-of-Effort (c/f) 
Objective 1. To annually estimate fishing effort, 
landings, and c/f of adult alosine fishes in the 
major Virginia tributaries to Chesapeake Bay. 
2. To record changes in the adult alosine 
fishes by comparison with data from former years. 
Job 2. Population Dynamics of Adults 
Objective 1. To determine time of spawning, age 
structure, sex ratio, and relative abundance by age 
and by sex. 
2. To determine changes in the basic stock 
parameters (length and weight) relative to fishing 
effort in the domestic and foreign fishery. 
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Job 3. Annual Index of Juvenile Abundance 
Objective 1. To annually estimate an index of 
abundance (c/f) for alosine juveniles in the four 
major nursery areas in Virginia. 
2. To determine zones of highest juvenile 
abundance within each river, patterns of their depth 
distribution, and their estimated number in each 
nursery area at the time of sampling. 
Job 4. Feeding Energetics of Juvenile Alewife 
Objective 1. To determine food selectivity and 
feeding periodicity of juvenile alewife in the 
nursery zone of the James River. 
2. To derive a seasonal energy budget 
by integration of ingestion, egestion, respiration, 
and growth rates. 
Job 5. Culture, Rearing, and Experimental Study of River 
Herring 
Objective 1. Development of culture methods for 
Alosa spp. from the egg through juvenile stages for 
the production of experimental animals. 
2. (Conditional to No. 1). Conduct 
experiments with Alosa spp. on tolerance, preference, 
and optima for environmental parameters and effects 
of pollutants on various life stages. 
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Job 6. River Herring Population Estimates, Movements, 
and Resource Utilization Through a Tagging Program 
Job 6 of the initial grant proposal was not contracted 
for by NMFS. 
Job 7. Resident Fishes of the Nursery Zone 
Objective 1. To determine biomass of the nonmigratory 
fishes in the nursery zones of the James, York, 
Rappahannock, and Potomac rivers during midwinter. 
2. To derive quantitative estimates of 
overwintering populations of juvenile alosines. 
Job 8. Shallow Water Population Indices 
Objective 1. To determine the abundance of fishes in 
the beach zone of a prime alosinenursery area in the 
James River during the late summer. 
2. To derive (if possible) an annual index 
of year-class strength of the alosinesand other fishes 
independent of the late summer survey. 
Jobs 1, 2, 3, and 7 were conducted annually for the 3-year 
contract period. In the present report, Jobs 1 and 7 were 
prepared by William H. Kriete, Jr., and Jobs 2 and 3 by Joseph G. 
Loesch. Job 4 was conducted in 1974 and 1975. It constituted 
the Ph.D. dissertation of James E. Weaver. Only an abstract 
of the completed dissertation is presented in this report. 
Job 5 was conducted by J. v. Merriner and reported in the 1974 
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annual report. It is repeated in its entirety in the 
completion report. Job 8 was conducted by William H. 
Kriete, Jr. and reported in the 1974 annual report. It 
is also herein repeated in its entirety. 
The authors wish to express their gratitude to all 
VIMS personnel who, directly or indirectly, participated 
in this project. We are indebted to Drs. W. J. Davis, 
W. J. Hoagman and J. v. Merriner. We also wish to acknow-
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collection of data from cooperating fishermen and the 
Potomac River Fisheries Commission. Many efforts were 
made in our behalf by the following people: J. Bristow, 
D. Byrne, J. Colvocoresses, C. Cooke, L. DeBolt, D. Estes, 
E. Foell, M. Hedgepeth, M. Hennigar, C. Knox, J. Millen, 
S. Otwell, C. Peet, T. Scott, D. Sprinkle, G. Stamper, 
C. Swift, J. Weaver, and W. Wilson. 
We are also indebted to Dr. G. Engel, F. K. Degges 
and w. J. Wojcik of the VIMS computer center. 
We particularly wish to acknowledge those who 
supplied catch data: cooperating fishermen who kept 
logbooks; Mr. R. M. Norris, Mrs. K. Hopkins and Mrs. P. 
Holbrook of the Potomac River Fisheries Commission; and 
Messrs. w. Kelly, R. Schultz and W. E. Brey of NOAA, 
Division of Statistics and Market News. 
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Job 1. Catch-Per-Unit-of-Effort 
Summary 
1. Stocks of alosine fishes have been declining since 
1967. 
2. Landings of American shad declined from 3.5 million 
lb in 1972 to 0. 9 million lb in 197 5. 
3. Pound net effort has increased since 1973 after a 
decline from 1967 to 1973. Effort by stake gill 
nets has increased since 1967. 
4. The American shad catch-per-unit-of-effort (c/f) by 
stake gill nets in the James River declined from 
30,000 lb in 1972 to 5,000 lb in 1975. It increased 
to 21,000 lb in 1976. 
5. The c/f of American shad by stake gill nets in the 
York River increased from 1969 to 1971 but decreased 
62% from 1974 to 1975. 
6. In the Rappahannock River the c/f of American shad 
by pound nets declined from 7,384 lb in 1968 to 125 
lb in 1976. River herring c/f decreased 91% from 
1967 to 1976 . 
. 7. American shad c/f by stake gill nets in the 
Rappahannock River declined from 1971 to 1972 but 
then remained relatively stable at about 700 lb 
to 1976. 
8. All gears fishing for American shad in the Potomac 
River reflected a downward trend in c/f; e.g., river 
51 
abundance of older fish increased. Data analysis in the 
forthcoming years under extended jurisdiction, in which 
presumably there will be no directed offshore river herring 
fisheries, should increase our understanding of annual 
variation in size. 
1974-1976: River Herring Catch Composition 
It is estimated that blueback constituted 63% of 
the commercial river herring catch in the years 1974 
through 1976. The annual proportion of blueback to 
alewife was significantly greater and their dominance 
was consistent year to year (Table 2.31). 
1976: Sex Ratio 
The significance of sex ratios for American shad is 
not considered because the fishery primarily employs gill 
nets which select for the larger females. In addition, 
males are often discarded at the net because of their low 
market value. The low proportion of male to female American 
shad (1:10.6) in the James River samples reflected this 
selectivity (Table 2.32). River herring samples from the 
Chickahominy River taken by haul seines, and from the 
Rappahannock and Potomac river pound nets are considered 
unbiased, as are fyke net samples of river herring from 
the James and York rivers. 
these gears in 1976. 
Very few shad were taken by 
\ 
52 
Three semi-monthly samples of river herring from 
the York River in March and April contained 128 males and 
152 females (Table 2.33). Chi square (X2 ) analysis of 
the pooled data indicated that this proportion was not 
significantly different from a 1:1 sex ratio (P> 0.10, 
i.e., the probability that the observed difference was 
solely due to chance was greater than 1 in 10). The x2 
test of independence (bottom of Table 2.33) evaluated the 
change in alewife sex ratios with time. It was not 
significant, however, it was "borderline" (0.10>-P70.05; 
the significance level given in Table 2.33 indicates that 
the sex ratio change would be considered significant if 
the significance level were raised to 0.07). Chi square 
analyses of the pooled blueback data (Table 2.34) also 
indicated a 1:1 sex ratio (P> 0.10) and a borderline but 
significant independence x2 (0.04<P<::.0.05). The 1:6 
ratio of male to female American shad again indicated a 
selection for females (Table 2.35). Thus, both species of 
river herring exhibited a 1:1 sex ratio but the evidence 
was inconclusive with respect to a sex ratio change during 
the sampling period. 
In seven semi-monthly alewife samples from the 
Rappahannock River from March to June,there were 810 
males and 727 females (Table 2.36). Both the pooled and 
independence x21 s were significant (P< 0.05, and P<0.01, 
respectively). These significances were generated by the 
/ 
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greater number of males in the March and April samples; 
all other monthly ratios were 1:1. The overall ratio of 
male blueback herring to females (1.5:1) was significant 
(P <0.001) and the excess of males was consistent month 
to month, i.e., the independence x2 was nonsignificant 
(Table 2.37). American shad exhibited a 1:3 ratio of 
males to females (Table 2.38). One of the three semi-
monthly shad samples was from a pound net catch and had 
a 1:1 sex ratio; the other two were from gill net catches 
and contained a high proportion of females. 
Male alewife were inferior in numbers to females in 
the Potomac River samples (Table 2.39) and the pooled x 2 
indicated the difference was significant (P< 0. 001). The 
nonsignificant independence x 2 indicated the degree of 
excess was relatively constant (P> 0.10). The x 2 test of 
a 1:1 sex ratio of the pooled blueback herring data 
(Table 2.40) was not significant (P7 0.10). However, a 
highly significant independence x 2 (P < 0. 0001) was 
generated by large but reversed sex ratios in the months 
of May and July. American shad were sampled in the months 
of April and May (Table 2.41). The pooled and independent 
x 2 •s were both nonsignificant indicating a constant 1:1 
sex ratio (P:>0.10 and P:>0.80, respectively) although the 
samples were primarily from gill net catches. It is 
suspected that the relatively high occurrence of males was 
due to the setting of small-mesh anchor gill nets for 
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dernersal species (see job 1). Pound nets located near 
the mouth of the river caught few American shad in 1976, 
and only three specimens were obtained. 
River herring sex ratio data by species are summarized 
in Table 2.42. Alewife and blueback sex ratios in the York 
and Rappahannock rivers were similar. In the former system, 
both species sex ratios were 1:1 and, in the latter,males 
of both species were significantly predominant. In the 
Potomac River, female alewife predominated (Table 2.1); 
however, their greater proportionality was significant in 
only the first sampling period in the months of May and 
June (P < 0. 05 and P .c O. 001, respectively). Blueback in 
the Potomac River samples exhibited a 1:1 sex ratio 
(Table 2.40). However, if the second period sample in 
May which contained an extremely high proportion of females 
(Table 2.1) is considered an anomaly, then male blueback 
occurrence was significantly greater (P< 0.02). 
It is obvious from the above analyses that one or two 
extremes in "luck of the draw" (sampling error) can 
significantly influence analyses and conclusions. 
Conclusions are reserved until after the presentation of 
the 3-year data analysis. 
1974-1976: Sex ratio 
Sex ratios obtained from samples of the commercial 
alosine catches in the 3-year investigation are presented 
in Table 2.43. Pooled x2 analyses indicated that male 
55 
alewife predominated in samples from the James and 
Rappahannock rivers. In the York River,male alewife were 
significantly dominant in the pooled samples of 1974 and 
1975 (P< 0.001); however the overall sex ratio for the 3 
year data was 1:1 because of the predominance of females 
in 1976 samples (Table 2.1). Female alewife were 
significantly more abundant in the pooled Potomac River 
samples because of the high count also in 1976; the pooled 
1974 and 1975 data indicated a 1:1 sex ratio. No yearly 
changes in the proportion of male to female alewife were 
of sufficient proportion to generate a significant x2 test 
of independence (Table 2.43). 
Pooled x2 analyses indicated that the observed higher 
proportions of male blueback were significant in all river 
systems sampled (Table 2.43). However, x2 tests of 
independence indicated that the proportion of males to 
females was not constant year to year in the James and 
York river samples. 
It is concluded from an overall consideration of the 
data that males predominated over females in the commercial 
catches of river herring, although their dominance was not 
consistent. In Connecticut and Rhode Island studies of 
alewife and blueback, males were also more abundant, 
particularly in the first half of the spawning season 
(Cooper, 1961; Kissil, 1974; Loesch 1969). Conve~sely, 
Joseph and Davis (1965) reported a 1:1 sex ratio for 
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blueback in Virginia. The New England samples were taken 
on or adjacent to spawning grounds while those in Virginia 
were mostly from commercial catches near river mouths. 
Male river herring, in general, spawn 1 year earlier than 
females, (Cooper, 1961; Havey, 1961; Marcy, 1969) there-
fore, a predominance of males on or near the spawning 
grounds might be expected. In the present study, samples 
were obtained from various commercial sources throughout 
the rivers, and would account for the large variation 
in sex ratios often observed from sample to sample. 
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Table 2 .1. Summary of sample data from the alosine commercial fisheries during the 1976 
spawning run in major Virginia tributaries to Chesapeake Bay. 
River and Alewife Blueback American Shad 
Half-Month Male Female Male Female Male Female 
James 
March 
1st 1 29 
2nd 6 42 
April 
1st 4 46 
Rappahannock 
March /,,<;: I 
1st 213 179 12 2 7 9 
2nd 93 109 211 111 10 31 U1 
I..O 
April 
1st 92 71 189 142 13 25 
2nd 129 83 186 129 3 35 
May 
1st 84 93 201 87 
2nd 99 88 177 122 
June 




1st i , I 7 30 
2nd 83 81 34 26 11 72 
Table 2 .1. 
and Alewif Blueback American Shad 
Male Female Male Female Male 
York 
il 
1st 45 64 t1~ . '.) 59 6 45 
May 
1st 14 28 1 8 
Potomac 
March 
2nd 41 54 6 
April 
1st 23 :28 83 92 54 34 Cl'\ 
2nd 42 49 82 6l 9 0 
May 
1st 17 32 110 95 15 10 
2nd 2 2 56 184 
June 
1st 9 32 59 72 
2nd 19 23 100 82 
July 
1st 6 6 9 8 / 55 
Totals (M+F) 2,202 3,528 563 
61 
Table 2. 2. Year class frequency of male .Ai.-uerican shad 
in the 1976 commercial fishery samples. 
Year Class James York Rapp. Potomac Freq. (%) Total 
1967 0 0 0 1 0.7 1 
1968 0 0 1 3 3.0 4 
1969 0 8 4 22 25.4 34 
1970 1 5 7 24 27.6 37 
1971 7 11 15 15 35.8 48 
1972 2 1 5 2 7.5 10 
· Total 10 25 32 67 100.0 134 
Table 2.3. Yearclass frequency of female American 
shad in the 1976 commercial fishery samples. 
Year Class James York Rapp. Potomac Freq. (%) Total 
1967 0 1 0 2 0.7 3 
1968 0 12 3 5 4.8 20 
1969 0 35 6 23 15.3 64 
1970 12 6'1 33 19 30.0 125 
1971 78 39 51 3 41. 0 171 
1972 25 5 4 0 8.2 34 








Table 2. 4 0 Spawning frequency of male American shad in 
the 1976 commercial fishery samples. 
Spawning 
Check Marks James York Rapp. Potomac Freq.(%) Total 
0 2 5 18 15 29.9 40 
1 6 8 8 25 35.1 47 
2 2 11 5 17 2 6. J 35 
3 0 1 1 7 6.7 9 
4 0 0 0 3 2.2 3 
Total 10 25 32 67 100.0 134 
2 . 5 0 Spawning frequency of female American shad 
the 1976 commercial fishery samples. 
Spawning 
Check Marks James York Rapp. Potomac Freq. ( % ) Total 
0 47 58 53 8 39.8 166 
1 61 39 23 17 33.5 140 
2 7 38 16 16 18.5 77 
3 0 13 4 7 5.8 24 
4 .. 0 5 1 4 2 . .4 10 
Total 115 153 97 52 100.0 417 
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Table 2.6. The 1976 alewife sex ratio by year-class in the York 
River commercial fishery samples. 
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Table 2.7. The 1976 alewife sex ratio by year-class in the 
Rappahannock River commercial fishery samples. 
* * * * 
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Table 2.8. The 1976· alewife sex ratio by year-class in the 
Potomac River commercial fishery samples. 
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Table 2.9. The 1976 blueback sex ratio by year-clas~ in the 
York Ri~er commercial fishery samples. 
0\ 
0\ 
ALO~A, RAPPAHANNOCK RIVER, 1976 1t./01116 
FILE ALOSA (CREATION DATE= ll/07/76) COMMEKtlAL FISHERY SAMPLES,.19t6 
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Table 2.10. The 1976 blueback sex ratio by year-class in the 
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Table 2.11. The 1976 blueback sex ratio by year-class in the 
Potomac River commercial fishery samples. 
* 
()l/;~0111 
* * * * * 








Table 2.12. Age frequency of river herring in the 1974, 
1975, and 1976 commercial fishery samples. 
Sexes combined. 
Age Frequency (%) 
River Species Year 3 4 5 6 7 8 9 
Rappahannock Alewife 1974* 0.2 60.9 27.1 8.6 0.5 2.4 0.0 
1975* 1. 7 82.6 13.4 1.6 0.6 0.1 0.0 
1976 0.0 4.9 57.9 32.9 3.9 0.3 0.0 
Blueback 1974 0.2 43.1 34.9 15.7 4.6 1. 3 0.0 
1975 0.6 85.4 11.6 2.0 0.2 0.0 0.0 
1976 0.1 3.5 53.1 39.6 3.6 0.1 0.0 
Potomaq Alewife 1974 0.0 86.5 .9 ·. 0 2.7 1. 8 0.0 0.0 
1975 2.7 80.7 15.1 0.6 0.9 0.0 0.0 
1976 0.0 2.0 37.6 50.7 8.7 1.0 0.0 
Blueback 1974 0.2 60.9 27.1 8.6 0.5 2.4 0.0 
1975 0.0 85.4 12.4 1.0 1.0 0.2 0.0 
1976 0.0 1. 6 22.8 54.5"'19.6 1.3 0.3 
* Data of 1974 and 1975 for both rivers and species from 
Hoagman and Kriete (1975). 
\ 
2.13. year-classes of virgin and all spawners in the 74, 
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Table.2.14. Relative frequency (%) of the 1970 and 1971 
year-classes in the 1974, 1975, and 1976 
commercial river herring samples. 
Annual Frequency 
River Species Sex Year Class 1974 1975 1976 
York Alewife M 1970 78.6 14.4 28.9 
1971 0.0 74.2 46.7 
F 1970 61.6 25.9 27.3 
1971 0.0 64.2 51. 2 
Blueback M 1970 83.3 26.0 44.7 
1971 0.0 70.0 34.2 
F 1970 88.2 29.0 35.3 
1971 0.0 64.5 44.1 
Rappahannock Alewife M 1970 66.0 13.1 32.6 
1971 0.0 82.8 59.0 
F 1970 57.3 13.7 33.6 
1971 0.6 82.3 56.8 
Blueback M 1970 46.7 12.1 37.6 
1971 0.3 84.4 87.0 
F 1970 35.2 10.9 42.6 
1971 0.0 87.0 49.6 
Potomac Alewife M 1970 90.7 14.9 47.8 
1971 0.0 81.2 43.5 
F 1970 82.5 15.2 52.5 
1971 0.0 80.3 33.9 
Blueback M 1970 83.0 6.3 53.1 
1971 0.0 47.0 25.2 
F 1970 79.7 6.4 55.6 
1971 0.0 41.5 20.8 
\ 
Table 2. 1.). tUvcr herring catch in the inshore and ln IC.<Ai Catch in tl10usaads 01· rwunds, round l•.'cight. 
----
Inshore Fishery Offshore Fishery (ICNAF St<1tistical Area 6) 
Virginia Not'th Carolina ToL:.tl l1SA 
Percent Foreign Catch 
l'SA (C) L'SSR East Gcr:nany Eul,..,ttria Poland Total Forei 0 n Total 1\1 l Countr Les of Total Catch 
1966 23.,535 12,519 58,437 --.J 
l'v 
1967 28,107 18,486 59,231 2,163 2,163 2,165 99. 9 
1968 32,319 15,525 57,384 2,370 2, 170 2,376 99. 7 
:fot 
1969 30,446 19,762 58,011 22,884 212 r\vailab le 23,096 23,097 99. 9 
1970 19,046 11,521 36,078 94 13,126 93 126 13,Jf,5 l.3,439 99. 3 
1971 10,285 12,722 29, 2l~5 5,015 12,840 1,160 1,806 20;321 20,823 99.9 
1972 11,237 28,022 0 4,515 5,23!; 322 897 10,968 10,968 100 
1973 9,269 7,926 23,294 0 l, 764 2,284 615 745 s,i,os 5,408 100 
1974 13,342 6,210 24,683 0 525 3,514 1,265 908 6,212 6,212 (d) 100 
1975 11,360 5,952 23,464 0 253 1,865 703 137 2,958 2,958 100 
1976 4,056 6,401 12,277 
(a) 1966 - 1972: data from U.S. Fishery Statistical Bulletins 
1973 - 1976: data are provisional figures obtained from i'iOAA, Division of Statistics. 
(b) 1966 - 1973: data obtained from ICNAF Statistical Bulletins 
1974 - 1975: data obtained from i'iOAA, NNFS, Hoods lloleJ NA. (1975 data caken from Summary Document 76 VI/6) 
(c) Landings may include catch within 12-mile limit. 
(d) Includes catch by Romania of 556 thousand lb.s. 
73 
Table 2.16. Summary of analysis of variance and Scheffe 
multiple mean contrasts of average length (mm) 
and weight (g) in river herring samples from 
the 1976 commercial catches. Solid line 
indicates no significant difference (o<.= 0.05). 
Variable Species Sex York Rapp. Potomac 
Length Alewife M 246.0 237.5 240.1 
F 256.9 243.9 246.6 
Blueback M 745.5 236.4 242.2 
F 255.7 243.6 249.6 
Weight Alewife M 220.1 175.7 177.6 
F 259.5 195.4 196.6 
Blueback M 216.5 160.8 161. 2 
F 244.2 182.6 178.1 
\ 
ALOSA, YORK RIVER, 1976 
FILE ALOSA (CREATION DATE 
SUBFILE ALEWIFEM ALEWIFEF 
CRITERION VARIAolE 
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Table 2.17. Analysis of alewife lengths (cm) by month, sex, and year-class in 





















Lo. uZ l 
L">. 3 25 
,!_:,.4~0 
STU lJf:V VA.{1ANC!: N 
l. 9 dZ d 3.9315 ( Zl l l 
2.Jl7 5.Jbb ( 111) 
l. lJLI 1.276 ( 48) 
LI. ol l J.ob 7 ( ol 
u. BLI u.:>33 I 14) 
1. 31 7 l.735 l l.0) 
l. lJb l 1.125 l 8) 
L. 1di 7.739 ( 63) 
il. J o.o I ll 
1- 302. l.bY6 1 8) 
l. 15 7 1~340 ( 19) 
3.6,,, 13.o7\I I 30) 
L. 16 ci 4. 700 I 5) 
1. 540 2.370 I 100) 
1.005 3.259 ( 42) 
tJ.O u.o ( 1) 
1.27'-I 1.630 I 12) 
J. 576 0.331 { 2.U 
L.Lb 4.'-/J5 ( 7) 
1.177 1.385 I 5tll 
0.5uu o.z:;o I 4) 
l. 158 1. ;41 { 14) 
l. lJll 1.211 I 32) 
1. 069 1.142 ( 1)) 
-.J 
,,I::>. 
ALOSA, YORK RIVER, 1976 
FILE ALOSA (CREATION DATE 
SUBFILE ALEWIFEM ALEWIFEF 
CRITERION VARIABLE 







ll/22/76) COMMERCIAL FISHl::RY SAMPLE~, 1976 
D t S C k I P T I O N u F U o P O P U L A T I O N S 
YE:ARCLASS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - -
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TOTAL CASES = 2tl0 























































Table 2 .18. Analysis of alewife weights (dkg) by month, sex, and year- class in 
the York River commercial fishery samples. 
MEAN STO DEV VARIANCI:: N 
24.2873 4. 32 93 lt!. 7425 ' 209) 
L5.00D 'to394 19.305 ( 1091 
22.754 3.2.H 10.43\1 ( 461 
23.450 2.739 7. 500 ( 5) 
Zl.219 2 .4tl tl 6.192 ' lJ) 23. 750 3. l tl l 10.116 ' 201 20.100 4.027 16.214 ' 81 
Zo.640 4.425 19.577 ' 6.:l) 35. 4 ~o o. 0 o.o ( 11 
30.450 4 .2 lb 18.Zt>3 ( 8) 
2o. 766 2.964 8.7ll4 ( 191 
,::,. o 1 7 'to 7 7 1 22. 71:>5 ( 301 
24.4:'>0 i.. lL 1 4.500 ' 5 i 
23.510 4.141 17. 148 ( 1001 
21.l.8 79 z. b55 a. 154 ' 421 21.450 o.o O.J ( 11 
21.117 3.910 15. 3 33 I 121 
L0.995 L.405 5 • 7tl4 ( 221 
LO.lld 2. !>O 7 6.2<!6 ( 1) 
25.415 :, • 08-J 15. 122 ' 581 31.700 5.123 26.250 ' 4) 25. 9 5U 3.414 ll.o54 ( 141 
24.419 3. 506 12. 2 89 ( 321 
25.325 2.<bU 8.124 ( tl) 
'1 
(Jl 
ALOSA, YORK KlVER, 1970 
FILE ALOSA (CREATION DATE 11/ZL!lol CJM:11::kUAL FlSHtKY SAMPLE'.>, l';7o 
SUBFILE dlU~ACKM olUDAC~F 
DESCKIPT!UN 
h-JkKLENGTH 
u F 5 U h P U P J l A T I U N S 
CRITERION VARIABLE 




























































TOT Al CASES = 206 
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·Table 2.19. Analysis of blueback lengths (cm) by month, sex, and year-class in 
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ALOSA, YORK RIVER, 1976 
FILE ALOSA (CREATION DATE 
SUBFILE BLUBACKM BLUBACKF 
CRITERION VARIABLE 























































ll/22/ 16) COMMERCIAL FISHERY SAMPLE:S, 19/b 
IJESCRIPllON u f S U B P U P U L A T I U N S 
YEARCLASS 
VALUE LABEL SUM MEAN 
•tl75.0b98 <'.3. 4550 
12.H.59'1 25 .b 58 
MALE: olb.u99 23.719 
52.90Ll 2b.450 
167.150 23. 879 
347.750 23.183 
48.900 24.4:>0 
f-t:MALI:: 614. 899 27.950 
430.300 JO. 736 
143.700 2J.9:>0 
40.900 20. 450 
2943.491., 22. 642. 
MALE 104/.499 20.9:>0 
l3.45Ll 2.3.450 
22.4':,0 22..,,50 
'>32.5:>0 22.. 7b6 
47':,. 79'1 19.825 
93 .2:>Ll ld.650 
FcMAU: ld95.997 23.100 
86.350 2 B. 7133 
751:1.499 2:>.Z83 
974. 3413 22. 659 
7b. 1:1LlO l'J.200 
MISSING CASES= 28 UR 13 .6 PCT. 
/ 
Table 2.20. Analysis of blueback weights (dkg) by month, sex, and year-class in 
the 1976 York River commercial fishery samples. 
- - - - - - - - - - - - - - - - - -
STD OEV VARIANCE N 
5.4468 29. 6617 ( 1781 
d. U92 65.488 I 48) 
1.971 3.885 I 26) 
2.828 tl. 000 I 2) 
l.:, 12 2.286 ( 7l 
l.981 3.924 l 15) o.o o.o ( 21 
11.4tiU 131. 7136 ( n., 
13·.06.; ld6. oil l 141 
l. 761 3., 100 h) 
2. <>l. ti s.ooo 
3.791 14.374 I i.30) -,.,J 
J.15/ 9.969 ( 50} -., 
o.o o.u i u 
ll.O ll.O ( ll 
3.215 10.339 I 19) 
2.651 1.on ( 24) 
1. Jij'J J.2.00 ( '>) 
3. ltH 14 •. Hz ( 80) 
2. 309 5.333 ( 3) 
3.0b4 9.Jd5 ( 30) 
3.6:,S 13.360 ( 43) 
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Table 2. 2 I . Analysis c,.f alcewife lengths (cm) by month, sex, and year- class in the 

































ALOSA, RAPPAHANNOCK RIVER, 1976 
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ALOSA, RAPPAHANNOCK RIVER, 1976 
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Yfl.C 1 :i s_s_ ___ _ 
5~ 
. __ ___.S_[l(___ __ _ -----------'---~-----11.AU: __________ ------- ---
YRCLASS 69 
YRC LASS 70 
--~-.RCL s - . .La.. 
YRCLA~S. 72 









_________ /L2_a Q:,.Q _________ 2). ?'-' !,__ __ 
9455.016 24.306 
a'! 'lIJ).,._ 2.l:!2 _ _____ 2 4. 1 QI 
45 900 22.950 
2518.345 24.450 
7_7. 844 ______ 23. o_94 
2JL • 500 





•rable 2 3 _ is of blueback lengths month, , anJ year-class in 
76 Rappahan11c)ck River fisher~, sa111plcs. 
l-~ 
. 





__ Q. l:l 
o.o 
o. 
-- lJ.300 ----- ( _ 
l). 0 
_l._. 598 ________ _ 
! 
,:_, J j 
l.) 
_ld ,J? b3 
o.o 
J_ ---· L tv 
u 







~l.., 3,04 -·-- --~-- l 7iJU__ _ _ {_~--- ?, __ -'--'----
L 015 l.OJU ( I 
1.314 l.721:"' { iZl.l 
v.78_8 ________ 0.622 ____ I ---'ic.:U'-l'-----
l.284 1.64d i l6Ll 
____ 2.su, ________ 6.636 ____ ! ____ 1~--
1.1:;io l 4l7 ( 7 
1.004 1.U09 o8l 
_________ 1.054 ______________ L l_ll ( _3L _____ _ 
1.041 !.i.HJ4 I 3.d9l 
____ 0.952 __________ 0.906_ I 248l ____ _ 
o. 101 o.soo 1 2 
0.940 0.883 ( l03i 
O. 881 0. 716 I 133 l ______ _ 






ALOSA, RAPPAHANNOCK R1VER 0 1976 
CRITERION VARIABLE FOLENGTH 
·---•· ·-·-··-----··· ·-·--·- --··- -·· ·----------
VAR[A&L.!;.. ____ ... ___ CODE _ VALUl.:_LAOEL. 
YRCLASS 70. 
.. ··--YRC.L.AS 1..L. 
YRCLA.SS 72;. 

























24. i.l't5 zj:u 19 
2J.4'.iJ 
SEX 2. FEMALE Z<l.:l4.295 2.4·~ ai,2 




___________ YRCLASS ·---------···--·--70. __ _ 
YRCl.ASS 71. 
TUI.AL CA.il;,S __ =_. lQtff 
MISSING CASES= 895 OR 42.9 PCT. 
---- ·- ------· ·------ -
- ·- - . - -·-- -·------··------- . --- ----- ------· --·---. - ---- ---------·-
4 
--·--- •··--· - -------··------ ---
( 
' -- ---•-.....- ------·-
1 
i'.' ,; / 




Table 2.23 (continued). 
78. 350 
1103.Hd 
1652. 147 -- . -
i sro DEV VAK.IA~Ct: N 
O.lH9 u.6 lu I 5t,) 
1 .• 034 l .069 I 771 
'· ( .. an '3.~00 ( ,5) 
1.001 1.603 I 246) 
O.Bt>l --0-. 741 I L}Zl 
1.000 1. 'JUU I j) 
0.985 u. 'ill I 3 71 
0:--iio~-- 0.649 I 91) 
o.o u.o I 1) 
o.920 o.tl47 . ( ll41 
1.520 l..334 ( :JI 
0. bo5 U.749 { 44) 
ll. tl63. o. 744 I J>ll 



















., I .... 
ml 
I 


























VAR Vii LU SUM MEAN STD lH:\/ VAi, I ArKE N 
FOR ENTIRE POPULAT ON 0928 9.56';7 ' u 





__ Y8_Cl..A$_5. ___________ ,, 
YRClASS 
YRCLASS 




_____ YRC1.A'; $ ______ _ 
YRCLASS 
MOrilJ:L _________ _ 
70. 
11. 








































3. 4'7 0 l c.. l ell 
4.1.59 . 17.100 
3.32l 11.02":I 
2.910 d.4{0 - ----- -------·--- -- ·--- .. - ·-··-··-·--·-----
Q.O li.O 
1.379 lu.l:lt:35 2.761 7.bt.2 ( 
·- · ·· 15.o<.>4 ·· 2.0..,~ 4.40& 1 J33i. 1,9! 
19.450 19.450 0.0 u.O I 













___ YRC.LASS ______________ 6Y. __ _ b;?.2'.>0 __ 
ls<J2.2<;;7 
lJufJ.<;95 
lo.650 3.114 9.JJO --~'------l.G~ 112 --2:5;-;·----- - ---;--:~bU ( 
i;)) 
YRCLASS 70. I·• l 
YRCLASS 71. l:,.575 1.841 3.18d I UU) 
___ __ 'i.RC.lA.5..£.. ______ 72.=•---- ___ lG_7!500, ___ _ _).6.7SU ____________ 2_.l6J 4.&18 ( hil 
l SEX 2. FEMALE 29490894 18.209 ·2.953 1.llB lo2i 
_______ ____ )'.R_C.LA'i.S___________ 69. __ ____ ...£.'•1-1!99 --- .. -- 4J.!]J _ 1 ;• \ .3.229 10.1.24 ·-. 
YRC LASS 70. 15.:lb.847 lu.:H3 -3.z·i;T 1O.r.• d l j l 
l VRCLASS 71. 1216.591 17.891 2.470 6.101 DJ I 
-- ------ _____ ____j'..J:l(l A' 2 • 155. oso _________ 11. 22d ______ _ 2.567 6.695 s,) 
', MotHH j. 0429.027 l~.527 2. /02 7 .L'hi ! 38:ll 
------ _ _su_ _________ l. __ __MALE ______________________ 3•)4:,. 5&9 ________ lS. 910_ :,.;.,'<I 2.384 5.u82 I - -- . 
YRCLtSS 69. 24.900 12.450 ---·-i.414 2.JOO I 
I YRCLASS, 70. 1706.345 lo.Sbb 2.486 b.lUZ I 
_________ ___yfill__AS.~ 1i. 
YRCLASS 12. 
205ti.b44 15.480 -ls:;:500 15:s50 __ _ 2.219. 4.923 I ---!-~ 729 2o<Jd9 t 
SJ:JL._ -------- _________ ;;_,, ____ [.!:JlA!,.J' ________________________ __L~_ll_} 0 j44 _____ JJ__.___t:, _ _13. ________ ._ 2~ odi:.i I:!~ 338 · 
YRCLASS 69. 62.J50 lU.7BJ 4~0~1 16.JJ] 
Table 2.24. Analysis of blueback weights (dkg) by month, sex, and year-class in 








































ALOSA, RAPPAHANNOCK RIVER, 1976 
CRITERION VARIABLE WEIGHT 
. . . -·-----.--•---·---.. 
... VARIA.til.E ·-·-·-·. _ ·---·-· ____ :CU.Q.f ___ . __ .',ll\.LI!E..J,....Aaf.L . ..:_ -· Sl)tL_... .. -· _ t,lf,Af'.! ___ · STD LlE\'. __ VARIANCE . ·- ___ N 
6.Ud!l YRCLASS 70. 1U25.l9tl 18.30/. 2.625 
-··-·-·-··--yRctASS 71. 1311....lil_ .. _. _____ .lJ,.QoJ). ,. 2.806 .. u,3 7 U. 77. 
H.!>OO YRCLASS ·· 72. 82.250 lb.4SO ~4.183 - -·-
.. M.llNili .. --•···· -·- ---···-· ___ ..ll.,,. ____ ---- -----···· ---~4't99,._(>a.1_ .. _ -··· 1a •. iit 
SEX i. MALE 2185.395 16.556 
YRCLASS 69. 5n.350 l9.45L 
. ... ·--·------Y..RC.!.,AS..S...:_.______ 70. 
.YRCLASS 71. 
____ . __ b26.o49 ___ -·· .. 16.936 .. 
1404.946 . 16.318 
YR CLASS 72. 15.450 15.450 
Sl.:X 2. FEMALE 
YRCLASS 69. 







.. _.20. g_7_7 
l9.o53 YRCLASS 71. 





















·• I 5) 
( 246} · .
I 132) 
. I " 3 I 
I 3 ll 
(' 9U 
I ll 




_TOTAL GASES. 2.0Jil 
896 OR 
. --·--·~-----'------~~-------'-...C...---------
MISSING CA:.ES 42.9 PCT. 
·- ---- --·-------·--- ---·-·-------·--- -·- . ···- - ··--- --- -· 
(X) 
.. 








I .. ;:; 















"' l1 ,z 
-------- , . 
·"' -. ,,) ; 
.,.., 
,•J' . ,. 
) Table 2.24 (continued). 
Ali:\<\,PUTOMAC !VE1(, 19 
F Lr ALOSA CM.I: I ON OATf ll/? C OW4cKC ~JSriERY SAMPLE~, 1~16 
5Uri~ LC ALEW FEM AlEW 
- - - - - - - D t C P, l I' l C N u SUliPDPLJL A T ! 
C 1, [:1'1U'" Vt\k!ABU- f.UL l:NGTrl FCntKLt:N(jfH 
tl1('1KEN DOWN bY Mfli\JTH 
tiY sex 
fi Yi,C.LA SS Yt!.,~ZLLf-1SS 
- - ----··-- -----·-- -- - -
VAF !Adlt CODE: VALUE LAi:lE:L SUM MEAN 
FU~ ~NTIRE POPULAflUN 7..>dL.,,0?47 24.5035 
MO~,TH 1179.5'.H 24.::,75 
SEX. 1. MALE 4bb.000 2 1,. 400 
YKLLASS 69. 46.900 23.4:>u 
'rRC,LASS 70. 294.400 £4. :>53 
Y~CLASS 7L 146.700 L4,450 
Sl:X 2. FcMALE 691.599 24.700 
YRC LASS 6tl. 2. 7. 450 27.4~0 
YaCLASS 69. 52.900 2&.45lJ 
YflCL-~ '>S 70. 413.6)0 2. ... j 32 
YkCLASS 71. 17J,15U z,,. 736 
YkCLl,SS 12. 24.450 24.45() 
1~01\TH 4. Z9o5.446 24.6/3 
~tX 1. MALE l2blJ.iJ4o 2 4. 16 7 
YRllASS o9. 72.3':>0 24. 117 
YKLLAS S 70. b03.249 24. ULl 
Y'<CLA:.S 71. 5<J,:. 7',9 24. 2 b3 
YR CLASS 72. n.45u L2.450 
SEX z. FE: MA LE l 7U4.597 2:>.J68 
YR CLASS 6 ,. 12<>.2'>0 25.&50 
YR CLASS 70. d3o.d49 25.420 
YkC:LASS 71. /14.04'/ 24,o2c. 
YRC LASS 7 2. L,.4'>U ,0.4~0 
MUI\TH '>. 1150.14'1 2•,.411 
SD 1. MALE 3bv. /',J 24.050 
YKc.UIS S 6~. 4u.\10u 2 ... 't:>0 
YRCLASS 7J. L4v. 50J L4.J50 
Yf',LLA5S 71. 71.:iSll 2:,. 783 
~EX 2. F[M/\Lf Jti<,,3-,9 L4.669 
y;<CL:, s bb. '>U.',00 25.450 
YRLLA , Ld. 254. 5JO 25.450 
YRCLA s 70. <tO'l.650 24-0'>7 
Table 2.25. Analysis of alewife lengths (cm) by month, sex, and year-class in the 
1976 Potomac River commercial fishery samples. 
LJ N S - - - - - - - - - - - - -
- - - - - _, - - - - - - - - - - - - -
ST Ll LJE V VARIANCE N 
l,,, u04 1i- Z.57<tl ( 29d l 
u. 9~-J 0.920 ( 4i:ll 
O.b26 O.&dZ ( 20) 
l .414 2.ovu I 2) 
o. 006 o. 't4 7 ( Ul 
O. d"'' O.dVU I 6) 
1.041 l.lJ84 I Ltll 
u.O o.o I l) 
o.u u.o ( 2} 
0.601 O. J6 l I l 7J 
1.113 l.Z38 ( 7) 
O.CJ o.o I l) 
co 
l. _;99 1. 9':>8 I 121.) m 
1.U63 1.130 ( 53) 
.t.. OciZ 4.354 ( 3) 
0.940 O.tl94 ( 25) 
1.050 1. 102 ( 24) 
0.0 o.o ( ll 
l. 5U / 2.nu ( 68) 
1. h,9 3,Lllu ( :,) 
l. dll 3 • .' dl I 3 3} 
O. d4d 0.120 I 29) 
o.a 0.0 ( l J 
1. ti4 7 3.413 I 471 
u.nl u.d.'9 ( 15) 
1.414 2.000 ( 2) 
U.'Jbo ll.'o134 ( 10) 
u. :,71 u. 333 I 3) 
2.136 -..5o3 { 32) 
u.J -0.0Llv ( 2) 
1,414 1..999 .( 10) 
2. .621 6.86/ ( l 7J 
·-----..flllll/ll!"' ·-· 
AL'ISA,Pl,Til'1AC KJVE.-\, 1976 
C'.-:ITEi{!ON V/,1;JABLE FOL[N(,TH 
V.:.i-.!Aull: CODE VALUE LABE:L SUM MEAN STU OEV VARIANCE N 
YKCL,\S$ 71. 74.350 24.783 0.577 0.333 t 3) 
,~,J'' TH 6. 1812.74d 24.170 l.9'17 3.98d I 75) 
Sf- X 1. ,'IALE: 576.800 24.033 1.976 3. 906 I 24) 
Yl<l.l.'.1~::, 69. 46. 900 23.450 o.o o.o I 2 l 
YKCLASS 10. 167.bO 23.tl79 o.;35 0.286 I 7) 
Y;-:CLA,S 71. 362.75\l 24. l u3 2.492 6.210 I 15) 
Sl-X z. FcMALE 123!>.948 24.234 2. 023 4.093 l 51) 
Y <CLIISS 10. 606.24~ 24.250 2.432 5.917 ( 25) 
YR CLASS 71. 566.349 24.624 0. 8b7 0. 787 I 2.Sl 
Ytll-LAS.> 7z. 63.350 21. 117 2.517 6.334 I 3 l 
"IJIIJTH 1. l74.150 24.879 l.BU 3.286 I 7 l 
SEX 1. MALE 76. 3!>0 2!>.450 2.000 4.000 I 3 l 
YllCL4SS 70. 23.450 23.450 o.o o.o I 11 
YRCLASS 71. 52.900 26.450 l.'tl4 2.000 ( 2) 
SEX 2. FE MALI:: 97. 800 24.450 l. d26 3.333 I 41 
YRCLASS 70. 97.ilOO 24.450 1. 1126 3.333 I 4) CX) 
TOTAL CA:.t:S = 385 -..J 
MIS::.ING CASES = '37 01{ 22.6 PCT. 
,/ 
Table 2. 2 5 (continued) . 
ALr~sA 1 POTD'·<1AC R VCr<..v lt/76 
FILE ALUS-" !l~tAT tiAT = ll/2.1/76) L•Jh'•lth(lL\L f-l'::,Htr{Y S.u./\\.JLt~, l'-170 
5t.J!}F Le 1\LbilF ALL• !F 
C~llE~ UN VAKIABL~ 

















































































'.:>Utlt'uf'JLAT l UNS 
'.)U:"·1 
































- - - - - - - - - - -
1~1 LA \j 





l '.1,., v 1 7 
LLo 00 7 
27.4?V 
29. '1-:>0 






lo. J 30 
lu.4:>0 














1 7. 5od 
Table 2.26. Analysis of alewife weights (dkg) by month, sex, and year-class in the 
1976 Potomac River commercial fishery samples. 
------- ------- - - -
,Tu llc:V V .t-\K1 ANC t t\l 
4. l2i/ lo~ ':l tidt:: ! 29 7 l 
.>.12" ',. 744 I 'tbl 
1.9; / J.Y d7 j ZOl 
1 ... 't t '+ L.JJO ! 21 
1 .. ti ,)';1 3. c:. f 2 ( 121 
t!.., V-:-1 4.167 ( ol 
Jo 4-/0 12.2.:.0 ( 2.tJ) 
u. 0 U.J I l) 
...:: _, o:::'.o u.JJO I LI 
L. b'>2 o .132 ( l 7J 
J. 2.0 7 10 .. 260 ! ll 
v.O O.J ( lJ (X) 
--t" :,,1 l 19.Z<b ( lZUl co 
3.L;:, i LJ.,, 4o5 I 5«'.) 
L..o4D 7.JJO { 3) 
L. :,5S b.; L l ( L5) 
J .. :,,j~ 15. 'JU',J ( 2 3 l 
0. U u.J I 1l 
4. 7 Zo 2,'.;36 I 6d) 
o. 7o0 4:>. 7 J0 ( :, l 
S.<'.b 27.2.97 ( 33) 
.:, • 3'!0 ll.4'12 ( 29) 
o.u u.J I 1) 
2.2-.2 ':i.i54 I 47) 
2.. ol 5 6.b3d I 15 l 
1.414 2..JuO ( Zl 
2..'.;30 t..4J() ( 10) 
3.ZD 10. 333 I 3) 
2.. Uo / 't.2.7.:l I 32) 
0. 7ll 7 v. 500 I Zl 
i'.. 2.t, 3 5.lu I 10) 
Z.Odt> 4.J&l ( 17) 
·-. ....,,,,,,,,,,. --· 
ALUSA,P,ll(J'1AC RI Vi:i{, l </76 
CRITEklON VA~IAKLt WEIGHT 
VAti.l ABLE: CJUE VALUE LABE:L SUM MEAN STD OEV VAillANCI: N 
YRCLAS S 71. 't9.3SO 16.4:>0 1. 73,!. 3.voo I 31 
MJNTH 6. 1203. 749 lo.O~J 2.526 6d79 I 75) 
SEX l. MALE 361. i.lliO 15.J75 l.498 2.l.45 ( L41 
YRCLASS 69. 27.900 13.950 O. JU 7 0.5JJ I 2l 
YRCLASS 10. 105.lSO 1:,.021 l. 718 ,!..95<' ( 7) 
YRCLASS 11. zzu.750 15.250 1.474 2 .171 I 15 l 
5E:X 2. F !:MALE d4l.94'1 16. 50 9 "-• 7d l 7.737 ( :ill 
YI\CLAS S 10. 4lv.250 lo.410 l.904 J.6,!.4 i 251 
YRCLASS 71. 394. :l49 l 7. l<to 3. Otil 9.'t94 I 23) 
YRCLASS 12. 37.350 12.4:,0 4.UUO 16.000 I 3) 
MONTH 1. 121.150 17.307 S.367 Zo.tllO I 71 
SEX 1. MALt 60.350 zu.111 7.6Jil S<>.333 ( 31 
Y~CLASS 10. 13.450 13.450 o.o o.o ( l I 
Yl<CLASS 71. 46.'IOO 23.450 1.011 so. 000 I l.l 
SEX 2. FE MALE t,1.,. ti OJ 15.200 2.217 4.917 l 4) 
YRCLASS 70. U,.dJU 15.200 l • 21 l 4.917 I 41 
CX) 
TUT /\L CASES = i85 \0 
Ml~Sl1,G CA::.ES = l.ld OR 22.,, JJL. T---
.,;r 
Table 2.26 (continued). 
ALU,A,POTOMAC R!VFK, 1976 
! u- ALOSA lC1<EATlnN D,\l( 
~J ~Fil E dLU,~ACJ<,M 
C !TERIUN VARl~bLE 











































































11/lJ/lbl CJM"iEkL!AL f-J~HEc<Y SA•1PltS, 19/o 
J l C R 
HMKLENGTH 
I-' T I IJ N J f S lJ 13 P u P u L A l I O ~, , 
Y[;ARCLASS 
























































25. 5 .,, 
















Table 2.27. Analysis of blueback lengths (cm) by month, sex, and year-class in the 
1976 Potomac River commercial fishery samples. 
- - - - - - - - - - - - - -
..) T 1, D!:::V V A1, l A,,Ct N 
l.Jdol 1.\1<'0-, ( 63 7) 
l.,. .:»t,O l.!li',T I 0) 
1 •. :lvo 1.007 i 6l 
u. /J / 0.'>JO I 2) 
1.52.6 L.33'• { 3) 
o.o 0.0 I l) 
l .. 1t5:;, Z.lio3 { lJ3l 
l • .:,o4 l.,; 15 I '15) 
,.; .. 0 v.u ( 1) 
1.240 l.jB ( 12) 
l. 5'>-, 2.429 ( 50) 
1. UJ l.,U5 I 3ll \,0 
u.o o.o i u 0 
1. 225 l. 500 I 88) 
o.u o.u I ll 
l. '>2o 2.334 I 3) 
u. i>7S U.766 ( l,; l 
1. Ob8 1.141 ( "") 
1. 38 2 l.·Hl I 18 l 
o.o u.o ( l) 
1.1H 1.296 I 195) 
1.009 1.143 I b4l 
o.o 0.v ( ll 
l. l l 7 1.248 I 21) 
1.038 1.orn l 34) 
0.9d3 O. '!b7 l 6) 
2.12.1 4.500 I 21 
1.129 l.274 I 1311 
o. 0 o. 0 ( l) 
0.101 o.500 I 2) 
l. 15 0 l.JLl I 36) 
l. lZd 1.273 I 7ol 
o. -,5 7 0.917 I 16) 
:.;.. .. -
ALDSA,~OTUMAC RIVER, l '176 
CRITERION VARIABLE FOLENGTH 
·VAKIABlc CODI: VALU_E LABEL SUM MEAN STU OEV VARIAN(;£ ·r-i 
HUNTH 6. 4504.141 24.514 1.101 l.ZlZ ( 181) 
SEX l. ,'!ALE ZOtHJ.&'J 7 24.194 0.9l3 0.852 I 86) 
YRCLASS b9. 299.4\JO 24.950 1.000 1.000 I 12) 
YR.CLASS 10. l Ult,- 048 24.205 O. lJJU 0.689 I '>9) 
YKCLASS 71. 572./99 23.8&7 O. U30 0.689 I 24) 
YRCLASS 72. 22.450 22.450 i). 0 o.o ( l) 
SEX 2. Fl:MALI:: 2:>03.447 24.7<,7 l. lo9 1.360 I 101) 
YRC LASS 69. 277.950 25-268 l.168 1.363 ( l ll 
YRCLASS 70. 1367.198 Z<t. 7 71 l.09ll l .205 ( 56) 
YRCLASS 71. 739.499 24.650 l .215 l • 4 7b I 30) 
YRCLASS 72. 96.800 24.700 l.893 3.583 ( 41 
MONTH 7. 157u.b9ll 23.889 l. 97 8 3.912 I 66) 
SEX 1. MALE &47.749 24.L.Zl l.140 l.300 I 35) 
YRCLASS 69. 225 .050 2,.006 l. UJ 1. 27!1 ( 91 
YKCLASS 10. 365. 200 24.075 l. 14 7 1. 317 I lb) 
YRCLASS 71. 237.500 23. 750 o. 824 0.67ll ' 10) 
SEX 2. FEMALE 7 2u. 94'J 23.514 2.:>94 6. 730 l 31) 
VF-CLASS 68. "'"· 450 24 .4 50 o.o o.o I ll 
1,,0 
YRCLAS S 69. 7;,. 3~0 24. 117 .:.Oi:l2 4.3:J4 I 3 l I-' 
YRCLASS 70. 3'1b.650 23.450 Z.5u0 6.250 I l 7l 
YRCLASS 71. 207.050 23.006 3.167 10.026 I 9) 
YRC LASS 12. 26. 450 26.45(; o.o o.o ( l) 
TOTAL CASES= 1235 
MISSING CASES= 59l:l OK 4ll.4 PCT. 
,,7 
Table 2.27 (continued). 
ALUSA,POTOMAC RIVER, 1976 
FILE ALOSA !Ci-I.EAT ION UATE 11/23/76) CUMMEkCIAL FlSHEKY SAMPLES, 1916 
SUl3FILE BLUSACKM BlUilACKf 
- - - - - - - - - - ---~--- D E S C R I P T J 0 0 F S U B P O P U l A T I O N S - - - - - - - - - - - - - - - - -
CRITERION VARIABLE WEIGIH 
BROKEN DOWN BY MONTH 
tlY SEX 
BY YRCLASS YEARCLASS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
VARIABLE CODE VALUE LABEL SUM MEAN 


































3. tl4.700 14.117 
1. MALE 84.700 14.117 
69. 32.900 H,.450 
10. 42.350 14. 111 n. 9.450 9.450 
4. 3588.894 19. 719 
l. MALE l 718. 747 18.092 
68. 21.450 21.450 
69a 235.400 19.617 
70. 913.498 18.270 
11. 531.949 l 7. li>O 
12. 16.,.50 16.450 
2. FE:MALE 1870.147 21.,.96 
b 1. 23.450 23.,.50 
6<l. 87.350 29 .117 
o9~ 411.5:.0 2l.6b0 
70. 978.6911 21.276 
71. 349.650 20.568 
72. 19.450 19. 450 
5. 3331.144 17.086 
l. MALE 1059.799 16.559 
66. lb.450 16.450 
69. 3.55.450 16.926 
70. 55b. 299 lb.3b2 
71. 9~. 700 15.950 
12. 35.900 17.950 
2. fEMAU: 2271.945 17 • .343 
b7. 16.450 lb.450 
68. 40.900 20.450 
69. 641.199 17.811 
70. 1307 .197 17. 200 
71. l.66. 200 16.637 
Analysis of blueback weights {dkg) by month, sex, and year-class in 
1976 Potomac River commercial fishery samples. the 
STD DEV VARIANCE ill 
3.3428 11.1140 I 1,361 
3.559 12.61>7 i 61 
3. 559 12 .667 I 61 
1.414 2.000 I 2 l 
3. 7fH:, 1,..333 I 3j 
o.o o.o I ll 
3.540 12.·529 I l t12 I 
'-• 752 7.573 I 95) 
:.J.O o.o I u 
3.689 l3.i>06 I 121 
2.529 o.395 I 50} 
2."39 5.946 I 311 
o.o o.o ( 11 
3.4b0 11.975 I 81) 
o.o o.o I l) 
.tl.145 66.334 I 31 
2.974 8.842 l 19) 
2. 727 7.436 I 461 
3.569 12. 735 I 17} 
o.o o.o I u 
2.193 4 • .810 I 1951 
1. 738 3.019 I 64} 
o.o o.o I l.l 
l.601 2.562 I 211 
1.913 3.b.58 I 34} 
1.22.s l.500 ( 61 
0.101 0.500 ' 21 
2.34!1 5.512 I 1311 
o.o o.o I ll 
l.4l,. 2.JOJ ( 21 
1.726 2.980 I 361 
2.,.23 5.870 I 761 




ALOSA,POTOM•C RIVER, 1916 
CRITEKION VARIABLE HEIGHT 
VARIABLE CODE VALUt: LABEL SUM MEAN STD ·DEV VARIANCE N 
MONTH b. 3148-144 16.835 2.907 8.453 I 1871 
S!:X 1. MALI: 1386.6911 16.124 2~313 5.351 ' 8bl YRCLASS 69. 200.400 lb.7iJO 1-1115 3.295 l 121 
YKCLASS 10. 1103.048 lb.389 2.211 5.18't ( 491 
YKCLAS S 71. 372.800 15.5::13 2.301 5.297 ( 241 
YR.CLASS 12. 10.450 10.450 o.o o.o I ll 
SEX 2. FEMAU: 1761.447 17.440 3.220 10.370 I 1011 
Y',CLA SS 69. 193.950 17.632 l. 940 3.764 I 111 
YRCLASS 70. 956.198 17.075 3.131 9 • .802 l 561 
YR CLASS 71. 541.499 18. 050 3.!;56 14.869 t 30) 
YRCLASS 72.. 69.800 17-450 1.826 3.333 ( 41 
MilNTH 7. 931.699 14. 11 7 2.556 6.534 ( 66) 
SEX 1. MALE 4'H. 750 14.050 2.546 6.483 I 351 
YKCLASS 69. 139.050 15. 450 2.549 bo500 ( 91 
YRCLASS 10. uo.200 13. 762 2.101 7 .29b I lb) 
YR CLASS 71. 132. 500 13.250 1.932 3.733 I 10) 
SFX 2. FEMALE 439.949 14-192 2.607 6.798 I 3ll 
YKCLASS 68. 13.450 13.450 o.o o.o .I ll \.0 
YRCLASS 69. 40.350 13.450 3.606 13.000 I j) 
YKCLASS 70. 2.33.650 13.744 l.44tl 2.096 ( l 7l 
w 
YRC LASS 71. 135.050 15.006 3.909 15.278 I 9) 
YR CLASS 72. 1 7 .450 17.450 o.o o.o l ll 
TOT AL CASES 123~ 
MISSING CASES; 599 OR 41J.5 PCT. 
/ 
Table 2.28 (continued). 
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Table 2.29. Summary of analysis of variance and Scheffe 
multiple mean contrasts of average length (mm) 




the 1976 commercial catches. Solid line indi-
cates no significant difference (o< = 0.05). 
J = James River; Y = York River; R = Rappa-
hannock River; P = Potomac River. 
Sex Average Size 
1\f ls 399.7(P) 417.0(J) 397.6(Y) 414.5(R) 
F 433.l(Y) 436.S(J) 448.l(P) 453.6(R) 
M 1000.l(P) 1049.6(Y) 110.63(R) 114.45(J) 
F 1452.S(Y) 1486.0(J) 1493.0(P) 1624.l(R) 
Table 2.30 Coefficients of Variation (s/X) for length and 
weight measurements of river herring in the 
1976 Potomac River samples. Sexes combined. 
Coefficient Of Variation 








T~ble 2.ll. Analysis of the proportion of alewife and 
blueback sampled from commercial catches in 
1974, 1975, and 1976. The chi square test of 
independence cxf> pertains to the hypothesis 
of no change in species proportion with time; 
the pooled chi square (X2) pertains to the 






Xf = 3.07 NS 
l 
1974 1975 1976 
,/ 0 1,173 -:;J,'l-~,314 ?,~• 1 72,202 
2 , 0 6 5 01.#.4 , 2 6 8 i1.'-1e , 5 2 8 
3,238 6,582 5,730 
245.7* 580.1* 306.8* 
NS= nonsignificance 










OSA, JAMtS RlV~R 9 11/22/ 
FILE ALOSA (CREA ION E = ll 2211b) COMMEk.CI f SHEkY SAMPLES 6 
~UBfllE AMSHADM AMSHA 
* * * * * * * * * * • • * * * C O S S T U L A l I O N O f BY MONTH 
* * * * • * * * 
SEX 






ROW PCT I ROW 
COL PCT I TOT L 
TOT PCT I 3.I 4.i --------1--------1------1 
1. I 7 I 4 l 11 
I 63.b I 36.4 I 8.b 
I 9.0 I a.o I 
I 5.5 I 3.l I 
- -----·- 1--------I 
2. I 71 I 46 I 117 
I 60.7 l 39.3 I 91.4 
I 91.0 I 92.0 I 
I 55.5 I 35.9 I -1--------1-----1 
COLUMN 78 50 128 
TOTAL 60.9 39.l 100.0 
CORRECTED CHI SQUARE= 0.01724 WITH 1 DEGREE OF FREEDOM SIGNifl(:ANCE = 0.8955 




- ;,,4.ii. £! PF.'lii; Q + ¼ "jiii\6¥". "'· ''""' _____ . '\ 
ALOSA, YORK RIVER, 1976 l l / 2 2176 
FILE ALOSA (CREATION DATf = 11/22/76) COMMERCIAL FISHERY SAMPLES, 1976 
SUBFILE ALEWlFEN AL~WIFEF 
* * * * * * * * * * * * * * • * • * SEX C R U S S T A B U L A T I O N O F * * * * * * * * * * BY MONTH 
* * * • * * * * * * * * * * * * * * * * * * * * * * * * * * • * * * * * * • * * * * * * * • * 
MONTH 
COUNT I 
ROW PCT I ROW 
COL PCT I TOTAL 
TOT PCT I .3 .. l 4 ... I 
SEX -------1~-------1------1 
1. I 83 I 45 I 128 
MALE I 64.8 I 35.2 ·1 45,.7 
I 50.6 I 38 .. 8 I 
I 29 .. 6 I 16,.l I 
-1------~ 1-------:I 
2. I 81 I 71 l 152 
FEMALE I 53.3 I 46.7 I 54 .. 3 
I 49 .. 4 I 6lo2 I 
I 28.9 I 25.4 I 
-1-----~-1~-~----1 
COLUMN 164 116 280 
TOTAL 58.6 41.4 100.0 
CORRECTED CHI SQUARE= ,3,.36158 WITH l DEGREE OF FREEOOM SIGNIFICANCE= 0.0667 




ALOSA, YORK RIVER, 1976 l / 
FILE ALOSA (CREATION DATE= ll/2l/7b) COMMERCIAL flSHEKY MP !) l.'H6 
SUBFILE BLUBACKM BlUBACKF 
* * * * * * * * * * * * * * * * * * 
SEX 
C R O 5 5 T A B U l A T l O N U F * * * • * * * * * * * 
BY MONTH 





ROW PCT I 
COL PCT I 
MONTH 
TOT PCT I 3.1 4.l 
--------1-------1--------i 
l. I 34 I 59 I 
I 3b.6 I 63.4 I 
I 56.7 l 40.4 I 
I 16.5 l 28.6 I 
-1-------1------1 
2 .. I 26 I 87 I 
I 23.0 I 11.0 I 
l 43.3 I 59.6 I 







54 .. 9 
COLUMN 60 146 206 
TOTAL 29.l 70.9 100.0 
* * * 
00 
CORRECTED CHI SQUARE= 3.90481 WITH l DEGREE Of FREEDOM SIGNIFICANCE = 0.0481 




ALOSA, YORK RIVER, 1976 11/22/76 
FILE ALOSA (CREATION DATE= ll/22/76) COMMERCIAL FISHERY SAMPLtS, 1916 
SUBFILE AMSHADM AMSHADF 
* * * * * * * * * * * * * * * * * * C R 0 $ S T A B U l A T I 0 N 0 F • * * * * * * * * * ,) 
SEX BY MONTH 






ROW PCT I ROW 
COL PCT I TOTAL 
TOT PCT I 3 .. I 4. l 5 .. I ------1-------1-----~1--~----~1 
1. l l.8 I 6 I l I 25 




I 15.0 I 11.a I 11.1 I 
I 10.0 I 3.3 I 0.6 I 
-1--------1~--~---1----~--1 
I !02 I 45 I 8 I 
I 65.8 I 29.0 I 5.2 I 
I 85.0 I 88.2 I d8.9 I 












CHI SQUARE= 0.3743S WilH 2 DEGREES OF FREEOOM 
/ 
SIGNIFICANCE: 0 .. 8293 
Table 2.35. The 1976 American shad sex ratio by months in the York River commercial 
fishery samples. 
'° '° 
* * • 
ALOSA, RAPPAHANNOCK RIVER, 1976 12/07/76 
FILE ALOSA (CREATION DATE= ll/07/7&) CUMMERClAl FlSHEKY SAMPLES, 1~76 
SUBFILE Al IFEM AlEWIFEF 
* * * * * * * * * * * * * * * * * * 
SEX 
C R O S S T A B U L A f I U N U f * * * * * * * * * * * 
BY MONTH 





ROW PCT I 
COL PCT I 
MONTH 
TOT PCT 1 lei 4.I 5.l 6.I -----1--------1-------1--------1--------I 
l. l 323 I 221 I ltl0 I 100 I 
I· 39.2 ! 2b.8 I 21.B I 12.l 1 
I 54.4 l 58.9 I 49.5 I 49.0 I 
I 21.0 I 14.4 I 11.7 l 6.5 I -1--------1-------1--------I--------I 
2. I 271 I 154 l 184 I 104 I 
l 38.0 I 21.& I 25.8 I 14.6 I 
I 45.6 I 41.l I 50.5 I 51.0 l 
I 17.6 I 10.0 I 12.0 I 6.8 l -1--------1------1-------l--------I 
CDLU~N 59• 375 364 204 









CHI SQUARE - 8.67422 WITH 3 DEGREES Of FREEDOM SIGNIFICANCc = 0.0340 





MY.hi i za Z ~.«v;::;,:c S4iiW - "" ,-~,r-""-7 --- ·--· . -~ 
ALOSA, RAPPAHANNOCK RIVER, 1976 12/07/76 
FILE ALOSA (CREATION DATE= 12/07/76) COMMERCIAL FISHEKY $AMPLES 9 19/6 
SUBFILE BLUBACKM BLUBACKF 
* * * * * * * * * * * * * * * * * * 
SEX 
C 0 S S T A B U L A T I U N U F * * * * * * * * * * * * t3Y MONTH 
* * •·• * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * • • * * F 
MONTH 
COUNT I 
ROW PCT I ROW 
COL PCT l TOTAL 
TOT PCT I 3.1 4.1 . 5., I 6. I 
SEX --------1------1-------1--------1--------I 
1. I 223 I 375 I 318 I 285 I l2bl 
MALE I 17.7 I 29. 7 I 30.0 I 22.6 I 60.4 
I 66.4 I 58.0 I 64 .. 4 I 55.0 I 
I 10. 7 l 18.0 I 18.l I 13.7 I -I--------1--------1--------1--------I 
2 .. I 113 I 211 I 209 I 233 I 826 
FEMALE I 13. 7 I 32.8 I 25.3 l 26 .. 2 I 39 .. 6 
I 33.6 I 42.0 I 35.6 I 45 .. 0 I 
I 5 .. 4 I 13.0 I 10 .. 0 I 11.2 I -1--------1--------1----~--1--------1 
COLUMN 336 646 587 518 2087 
TOTAL 16.l 31.0 28.l 24.8 100.0 
. CHI SQUARE = lb. 6.8742 WITH 3 DEGREES OF FREEDOM SIGNIFICANCE= o.oooa 
,.;-





ALOSA, RAPPAHANNOCK RIVER, 1976 12/07/76 
FILE ALOSA (CKEAllON DATE= 12/07/76) CUMMERLIAL FISHERY SAMPLES, 1976 
SUBFILE AMSHADM AMSHADF 
* * * * * * * * * * * * * * * 
SEX 
* * C R O S 5 T A 8 U l A T I O N O * * * * * * * * * * * * 
BY MONTH 





ROW PCT I 
COL PCT l 
MONTH 
TOT PCT I 3.I 4.1 -------1--------1--------1 
l. l 17 I 16 I 
1· 51.5 I 48.5 l 
I 29.8 I 21.l I 
I 12.8 I 12.0 I -1-------1--------1 
2. I 40 I 60 I 
I 40.0 I 60.0 I 
I 70.2 I 78.9 I 
l 30.l I 45.l l 
-1-------1-------1 
COLUMN 57 76 
TOTAL 42.9 57.l 




24 .. 8 
100 
75 .. 2 
133 
100 .. 0 
WITH l DEGREE Of FREEDOM SIGNIFICANCE= 0.3390 
Table 2.38. The 1976 American shad sex ratio by months in the Rappahannock River 




N ··,-.~~~ AU~~ -~~- '.,4 ......... VH.W.--. .,.,....,.....~ - --· . . -~ 
ALOSA,POTOMAC RIVER, 1976 11/23/76 
FILE ALOSA (CREATION DATE= 11/23/76) COMMERCIAL FISHERY S~MPLES, 1976 
SUBFILE ALEWIFEM ALEWIFEF 
* * * * * * * * * * * * * * * * * * 
SEX 
C R O S S T A 8 U L A T I O N · 0 F * * * * * * * * * * BY MONTH 












I · -3 • I -- ··· ·· ·- 4 .. 'I 5.I 6 .. 1----. ... 1 lOTAL ......• -l-. 
-------1------1------~-1--------1-----~-1--------1 
1. l 41 I 65 I 17 1- 27 I 6 ·1 156 
I 26 .. 3 I 41.7 I · 10.9 I 17 .. 3 I 3 .. 8 I 40 .. 5 
I 43 .. 2 I 45.8 I 32 .. l l 32.5 I 50.0 I 
I 10.6 I 16 .. 9 I 4.4 I 1.0 I l.6 I 
· -1-...--,;mim,411aU:Ct-l .....,~-----tel ..,_ .... ._'CD,_19_. I ,_._,._. ... ,....-;;;a J ~=a.!l!Rm1...:1S1:JB:u1a . I-._-·: . ....... _ . 
2 .. I 54 I 77 I 36 I ~6 I b I 229 
I 23.6 I 33.6 I 15. 7 I 24.5 I 2.6 I 59 .. 5 
I 56.6 I 54,.2 I -07.,9 I 67.5 I 50-.0 - -I 




----··- - -··COLUMN··· -·- -- 9S---~----l42------ ----53 -- -·----·---83 ------ll-----3-85----- - -· 
TOTAL 24. 7 36.9 l3.8 21.6 3.1 100.0 
CH I SQUARE -= 6ull517 WITH -4 DEGREES Of fREEOOM ---SJGNlfl-t;ANG-E--=···Ool907 
./ ... 
- • _T ________ -----
Table 2.39. The 1976 alewife sex ratio by months in the Potomac River commercial 
fishery samples. 
ALOSA,POTUMAC RIVER, 1976 1112 1b 
FILE ALOSA (CKEATION DATE= 11/23/76) COMMERCIAL FISHERY SAHPltS, 197b 
SUBFILE BLUBACKM BLUBACKF 
* * * * * * * * * * * * * * * * * * 
SEX 
C R U S S J A B U l A J I O N O f 
BY MONTH 
* * * • • * * * * • • 






ROW PCT I ROW 
COL PCT I TOTAL 
TOT PCT I 3 .. 1 4.,·1 5 .. I o .. l-- -- 7-..I 
--------l-------1--------1--------I--------I-------I 
l. 1 6 I 165 I lb& I· 159 l 9d ·1 ~94 
I l.O I 27.8 I 27.9 I 26.8 I 162§ I 48.l 
I 100.0 I 51.9 l 37.3 I 50.8 I 64.l I 
I 0.5 I 13.4 l 13.4 I 12.9 I 7.9 I 
...., I_.........,.~ .......... 1~~--... ...... J ,_,1111'..,._..,..., __ I _.,... _____ "!!'f,1---~,..:op=--~ I 
2.. I O l 1~3 I 279 1 154 l 55' I 641 
I O.O I 23.9 I 43.5 I 24.0 I 8.b I 51.9 
I o.o ! 4-8.,l I -62.7 I 49.2 I 35.9 l 
I 0.0 I 12.4 I 22.6 I 12.5 I 4.5 I 
-1-------1--------1--------1-------1-------1 
-COLUMN - --6--------- ll-&-- --- 445 313- ---l---5-l------l--2-35-
l0TAL 0.5 25.7 36.0 25.3 12.4 100.0 
CHI SQUARE= 45. 58939 -WI TH 4 DEGREES Of FREEDOM SIGN If ICANC-f -= - O. 0000 





r,. . j I,_,.,_-~ )ifl! 
.·· -;.;-- llii¥'£':.i!Mffll[ :fl m.:;.o,.z .. __ 
ALOSA, POTOMAC RIVERv 1976 12/01/16 
FILE ALOSA (CREATION DATE= 12/01/761 COMMERCIAL FISHERY SAMPLES, 1976 
SUBFILE AMSHADM AMSHADf 
* * * * * * • * * * * * * * * * * * 
s~x 
C R D S S T A B U L A T I O N O F 
BY MONTH * * * * * * * * * * * * 





ROW PCT I 
COL PCT I 
MONTH 
TOT PCT I 4.1 So I 
--------1 -·-------1-------- I 
1. I 5't I 15 I 
I- 78.3 I 21.7 I 
I ,5.7 I 60.0 I 
I 44.3 I 12~3 I 
-1--------1--------1 
2. I 43 I 10 I 
I 81.l I ltl.9 I 
I 44.3 I 40.0 I 








COLUMN 97 25 122 
TOTAL 79.5 20.5 100.0 
CORkECTED CHI SQUARE= o.o2t>63 WITH l DEGREE OF FREEDOM 
/ 
SlGNIFICANCE = 0.8704 






Table 2.42. Summary of river herring sex ratio data by 
species in the 1976 samples from the commercial 
fisheries. Nonsignificant differences are 
given as 1:1 ratios of males to females; 
empirical ratios are given for those that are 
significan+ly different. 
Species River Sex Ratio 
Alewife York 1:1 
Rappahannock 1. 2: 1 
Potomac 1: 1. 5 
Blueback York 1:1 
Rappahannock 1. 5:1 
Potomac 1:1 
·-.4"~~-
Table 2.43. Summary and analysis of alosine sex ratio data for 1974, 1975, and 1976 
obtained from samples of commercial catches in major Virginia tributaries 
to Chesapeake Bay. The chi square test of independence (Xf) pertains to 
the hypothesis of no sex ratio change with time; the pooled chi square 
(xi) pertains to the hypothesis of an overall 1:1 sex ratio. 
River Species Sex 1974 1975 1976 Total 
James Alewife Male 438 347 - 785 
Female 113 112 - 225 
Total 551 459 - 1,010 
Xf = 1.97 NS 
l 
xi= 310.49** 
Blueback Male 122 444 - 566 
Female 102 238 - 340 
Total 224 682 - 3 06 
x? = 7.69** 
l 
x 2 - 56 37** p - . 
American Shad Male 43 133 11 187 
Female 57 288 117 462 
Total 100 421 128 649 
Chickah9miny Blueback Male 353 269 - 622 
Female 202 173 - 375 








Table 2.43. (continued) 
River Species Sex 1974 1975 1976 Total 
York Alewife Male 85 115 128 328 
Female 54 96 152 302 
Total 139 211 280 630 
Xf = 2.35 NS 
xi = 1.07 NS 
Blueback Male 85 336 93 514 
Female 86 210 113 409 
Total 171 546 206 923 
x~ = 5.16* 
l I-' 
x 2 = 11. 94** 0 co p 
American Shad :Male - 47 25 72 
Female - 135 155 290 
Total - 182 180 362 
Rappahannock Alewife Male 204 603 824 1,631 
Female 165 603 713 1,481 
Total 369 1,206 1,537 3,112 
Xf = 0. 46 NS 
x2 = p 7.23** 
Table 2.43. (continued) 
River Species Sex 1974 1975 1976 Total 
Rappahannock Blueback Male 321 717 1,261 2,299 
Female 168 583 826 1,577 
Total 489 1,300 2,087 3,876 Xf = 0.62 NS 
x2 = 134 49** p . 
American Shad Male 53 147 33 233 
Female 52 166 100 318 
Total 105 313 133 551 
Potomac Alewife Male 57 213 156 426 I-' 0 Female 57 225 229 511 I..O 
Total 114 438 385 937 
x? = 1.72 NS 
1 
x~ = 7.71** 
Blueback Male 403 630 594 1,627 
Female 223 668 641 1,532 
Total 626 1,298 1,235 3,159 
x? = 2.95 NS 
1 
x2 = 2.85* p 
American Shad Male - - 69 
Female - - 53 
Total - - 122 
NS - nonsignificance 
* - significance (P< 0.10) 
** - significance (P(0.05) 
110 
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160 - BUJEBACK - -- - + 
1966 1968 1970 1972 1974 1976 
YEAR 
Figure 2.1. Alewife and blueback mean weight 
in Potomac River landings, 1966 to 
1976. 
111 
• 255 . I -e ;+-e 
1 245 I"- ~· (!) i--•,,·\/ !j 
I \ ..J \' l I '. + It-.._ ,,,. I I 235 '+ ,,,, + L!,J >-,ct 
ALEWIFE -- . 
225 BLUEBACK - - -
1966 1968 1970 1972 1974 1976 
YEAR 
Figure 2.2. Alewife and blueback mean length 
in Potomac River landings, 1966 to 
1976. 
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Job 3. Annual Index of Juvenile Abundance 
Summary 
1. The seventh annual VIMS assessment of alosine juvenile 
density was conducted during August and September, 
1976 in the major rivers tributary to Chesapeake Bay. 
Juvenile alosines were extremely scarce in 1976. The 
unadjusted catch in 455 tows in the nursery zones of 
the James, York, Rappahannock, and Potomac rivers was 
only six American shad, 31 alewife, and 3,229 blueback. 
Estimated total standing crop of the three species in 
1976 was the lowest of the seven annual estimates. 
The next lowest occurred in 1974, while the greatest 
density, primarily blueback, was in 1975. 
2. Sampling procedure in 1976 was changed to a stratified 
random sampling scheme with proportional allocation 
of effort based on strata area. 
3. Vessel catch efficiency was estimated from comparison 
trawl tows among the research vessels used in the 
last three annual juvenile surveys. The catch by the 
R/V Brooks was significantly superior to that of two 
other vessels. 
4. Statistical analysis of previous surface and sub-
surface comparison tows did not indicate a differential 
depth preference among juvenile alosine species. 
113 
5. The failure of the age class 4 to enter Chesapeake Bay 
tributaries in 1976 may have critically depressed the 
spawning populations. · A.1::::o rwted, but uncomprehended, 
was an apparent relationship of juvenile density and 
lower nursery zone salinity. In 1974 and 1976, the 
years of lowest density, salinity was high relative 
to 1975, the year of highest density. r 
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Job 3. Annual Index of Juvenile Abundance 
Sampling Procedures 
The seventh annual VIMS assessment of alosine juvenile 
(i.e., young-of-the-year) density was conducted during 
August and September, 1976. Two vessels, the R/V Restless 
and the R/V Brooks, employing identical 5 ft x 5 ft Cobb 
trawls, were used to sample the major Virginia rivers and 
some of their tributaries in the freshwater nursery zone 
(Fig. 3.1). Surface and midwater (i.e., subsurface) tows 
were standardized at 5 min. Five min tows were also 
taken in 1975 and in all annual assessments preceding 1973. 
In the latter year and 1974, 10 min tows were taken. 
Hoagman and Kriete (1975) doubled all 5 min tow catches 
to simulate 10 min tow catches; the practice is continued 
to facilitate comparison with previously reported data. 
The 1976 sampling scheme differed from that of the 
previous two years in that effort was proportionally 
allocated, and stratified random sampling employed. Three 
surface tows were taken every nautical mile and one sub-
surface tow every other mile in 1974 and 1975. Thus, in 
every 2-mile river section there were seven tows, five 
surface and two subsurface. In 1976, effort was propor-
tionally allocated according to the size of river area 
within 5-rnile sections. The mean width of a river in a 
5-mile section was determined by averaging the river width 
at 1-rnile intervals between the 6 ft depth contour lines 
(MLW) of opposite shores. Area was then calculated 
115 
as the product of river section length and its mean width. 
The number of tows in a section was proportionally allocated 
based on the section's area relative to the total area. 
However, a minimum of five tows was taken in the narrow 
upper sections of the nursery grounds, and fewer tows were 
made than proportionally indicated in the downriver sections 
below the nursery area. The proportion of surface to sub-
surface tows was approximately t~~t of the 1974 and 1975 
sampling schemes. The location of all sampling sites and 
designation of subsurface tows was determined by use of a 
random numbers table. 
Upon completion of the juvenile survey, tows were made 
among the R/V Brooks, R/V Langley and the R/V Restless to 
evaluate catch efficiency among the vessels. Although the 
R/V Langley was not used for sampling in 1976, it was used 
in previous years. Time permitting, the comparative 
efficiency test will be repeated in 1977 and we will consider 
the necessity of re-evaluating (adjusting) past catch data. 
A series of 40 surface tows by each vessel was made in the 
vicinity of Hopewell, Virginia (James River, miles 64 to 66). 
Each vessel simultaneously fished an identical 5 ft x 5 ft Cobb 
trawl,and vessel position relative to the shore was random-
ized for each trawl. 
A total of 7,228 alosines were caught. The catch, 
however, was predominantly blueback herring (99.6%); only 
116 
one alewife and 26 American shad were caught. Blueback 
also constituted 99.6% of the survey catch in the James 
and Rappahannock rivers. Hoagman et al. (1973) by 
inspection of the catch data concluded that alewife and 
shad exhibited a preference for the "middle depths. 11 
Statistical analysis of their data does not support that 
conclusion (Table 3.1). Surface and subsurface catch-per-
unit-effort (c/f) by rivers and years in their Tables 3.6 
and 3.9 were paired and analyzed by the Wilcoxon Signed 
Ranks Test (Conover, 1971). No significant differences 
between c/f of the two tow depths were indicated for American 
shad, alewife, or blueback (P > 0 .10 for each) . The 
vertical distribution of these species may very well be a 
function of light, turbidity, temperature, food, and other 
environmental variables; however, present data do not 
indicate differential species depth preference. 
Catch statistics of the 1976 comparison trawls are 
summarized in Table 3.2. Friedman Rank Sums Analyses and 
subsequent nonparametric multiple comparisons (Hollander 
and Wolfe, 1973) indicated a greater catch efficiency of 
alosines and all species combined by the R/V Brooks 
relative to the other vessels (Table 3.3). However, no 
significant catch difference was indicated between the 
R/V Langley and R/V Restless for either the alosines or 
all species. Thus, in addition to doubling the 1976 
catches by the R/V Brooks and the R/V Restless to 
simulate 10 min catches, the R/V Restless catches were 
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also multiplied by the constant 2.07 to simulate the catch 
efficiency of alosines by the R/V Brooks. 
The standing crop of alosine juveniles was defined as 
the estimated number present at the time of sampling. 
It was calculated by the method of Hoagman et al. (1973) 
in which: 
N= (VZ/VT) (c/f) 
where N = the estimated number of fish present at the time 
of sampling; VZ = the volume of water (m3 ) in the nursery 
zone; VT= l,062m3 of water, i.e., the estimated volume 
of water strained by a 5 ft x 5 ft Cobb trawl net in a 10 min 
tow with a vessel speed of 2 knots; and c/f is the average 
catch-per-unit-of-effort specific for species and river 
and derived from the adjusted catch of simulated 10 min 
tows. 
Annual Index of Abundance (c/f) 
The extremely low number of juvenile alosines caught 
in the survey indicated a very low population density for 
all three species. The unadjusted catch in 455 tows in 
the James, York, Rappahannock, and Potomac rivers was 
six American shad, 31 alewife, and 3,229 blueback. The 
paucity of juvenile alosines can be better appreciated by 
considering the unadjusted catch made in all rivers by the 
R/V Restless. In 288 standard 5 min tows, there were four 
single catches of shad and'eight single catches of alewife. 
The mean (x) and variance (s 2 ) of the shad catches were 
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identical (0.014). This indicated that the catch fre-
quency could be described by the Poisson series, the dis-
tribution for rare events. The Poisson probability of 
a tow having zero, one, or two shad were 0.986, 0.014, 
and 9.7 x 10-5 , respectively. Similarly for the alewife 
(x = 0.028; s 2 = 0.027), the respective probabilities 
-4 were 0.972, 0.027, and 3.8 x 10 . Double adjustments 
to simulate both 10 min tows and the catch efficiency 
of the R/V Brooks did not en11ance ti1ese statistics. 
The adjusted catch and c/f data for the 1976 
juvenile survey are summarized in Table 3.4. Blueback 
as in previous years, were the dominant alosine species. 
The blueback c/f, however, was the lowest ever recorded 
in the James, Pamunkey, Mattaponi and Potomac rivers 
(Table 3.5). Alewife c/f equaled the previously recorded 
low for the Mattaponi and established new lows for this 
annual index of yearclass strength in the other four 
rivers. American shad c/f equaled the previous recorded 
low in the Potomac and established new low indices in the 
other rivers. 
A total of 56 tows was taken in seven tributaries 
to the James River (Table 3.6). The unadjusted catch of 
juvenile alosines was 266 fishes, six American shad and 
261 blueback. The 1976 blueback c/f in the tributaries 
was dramatically lower than that reported for 1975 
(Hoagman and Kriete, 1975); shad and alewife c/f was low 
in both years, but in general, lower in 1976. 
119 
Standing Crop 
The 1976 estimate of total juvenile abundance was the 
lowest recorded in the seven annual surveys (Table 3.7). 
Alosines, primarily blueback, were most abundant: in the 
James River, about 21 million; however, this was only 1% of 
their estimated 1975 density. Both adult and juvenile 
stocks, with the exception of the 1975 juvenile blueback, 
have declined in recent years. The seriousness of the 
situation has apparently int<.:,: Ld.ed due to the failure 
of the 1972 year class. The ramifications of this failure 
were a reduction in the number of fish available to the 
fishery and a reduction, possibly critical, in the size of 
the spawning population. 
High salinities in the lower portions of the "tradi-
tional" nursery grounds may have been partially responsible 
for the poor 1976 year class. Salinity at the downriver 
boundaries of the traditional nursery zones was considerably 
lower in 1975 than in 1974 and 1976, the two years of lowest 
juvenile abundance (Table 3.8). The salinity data of the 
Mattaponi and Pamunkey are contrary to the pattern in the 
other rivers. However, the assumed start of their nursery 
grounds is about 5 to 10 miles below their freshwater zones, 
given annual river flow variation. The salinity data 
suggests that in future investigations the nursery area must 
be considered as a dynamic rather than a static entity. 
Chittenden (1972; 1973) reported a euryhaline tol~rance for 
juvenile shad and blueback in laboratory experiments; 
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however, the minimum total length of the fish he tested 
was 34 mm. Leirn (1924) successfully hatched shad eggs 
in brackish water and raised larvae in saline water (7.5%,0. 
Tagatz (1961), however, reported total or appreciable 
mortalities in laboratory experiments of young shad trans-
ferred from fresh to saline water which ranged form 
8 to 33%~. Conceivably, developing eggs and newly 
hatched fish carried by river flowe into saline water 
might have a higher mortality rate due to osmotic im-
balance than those in freshwater. We did not notice an 
increased density in tributaries to the James River, nor 
a compensatory upriver extension of nursery zones with 
downriver salinity encroachment. If an upriver extension 
of the nursery zone were to occur it would be limited 
by the propinquity of darns in the James, Rappahannock, and 
Potomac rivers. The initial postlarval density in the 
contracted nursery zone would increase natural mortality 
because of intraspecies and interspecies competition for 
food and space; and, in addition, it would facilitate pre-
dation. Inclusion of spurious area in the nursery zone 
also devaluates the estimated c/f. A salinorneter will be 
employed in conjunction with pilot sampling in future 
juvenile surveys to define the annually effective nursery 
zones for alosine fishes. 
Extended jurisdiction will lessen offshore fishing 
stress on the alosine stocks. Inshore stock enhancement 
in Virginia, however, will require favorable environmental 
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conditions in the nursery zones to subsequently improve 
recruitment. The earliest substantial stock increase is 
not expected until 1979 when the strong year class of 
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Table 3.1. Summary of the Wilcoxon Signed Ranks Test of 
surface and subsurface catch-per-unit-of-effort 
(c/f) of American shad, alewife, and blueback 
herring. Significance level = 0 .10. 
Test Rejection Limits Probability 
Species Statistic Lower ( <) Upper ( >) (P) 
Amer. Shad 44.5 26 79 P> 0 .10 
Alewife 41 36 100 P>0.10 
Blueback 100 36 100 P>0.10 
Data source: Hoagman et al. (1973) 
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Table 3.2. Catch statistics for 40 comparison trawls each 
by the R/V Restless, R/V Brooks, and the R/V 
Langley in the James River, September, 1976. 
Alosine species: Restless Brooks Langley 
Catch 1,611 3,344 2,273 
Catch/Unit Effort 40.3 83.6 56.8 
Standard Error 10.81 28.51 14.78 
All species: 
Catch 5,583 8,592 4,268 
Catch/Unit Effort 139.6 214.8 106.7 
Standard Error 27.36 57.19 21. 40 
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Table 3.3. • B Summary of the Friedman Rank Sums and multiple 
comparison analyses of the 1976 comparison trJwl 





All species 15.84* 
Critical Chi 





Species Comparison Rank Difference 
Alosine Brooks vs Langley 21* 
All Species 
Brooks vs Restless 
Langley vs Restless 
Brooks vs Langley 
Brooks vs Restless 
Langley vs Restless 













P < 0 .10 
P<0.001 
P > 0. 20 
P< 0.001 
P < 0 .10 
P > 0 .10 




River Tows(a) Species Catch(b) 
James 168 Amer. Shad 12 
Alewife 8 
Blueback 4,822 
York-Pamunkey 42 Amer. Shad 4 
Alewife Li-
Blueback 8 
York-Mattaponi 33 Amer. Shad 4 
Alewife 0 
Blueback 8 
Rappahannock 57 Amer. Shad 0 
Alewife 22 
Blueback 5,128 
Potomac 155 Amer. Shad 0 
Alewife 46 
Blueback 154 
(a) Tow count includes only those taken in the nursery areas. 
























Table 3.5. Annual index (c/f) of juvenile alosine year-
class strength in the major tributaries to 
Chesapeake Bay. All data were standardized 
for 10 min tows of a 5 ft X 5 ft Cobb trawl. 
River 
and Total Ai."Tlerican 
Year Tows Blueback Alewife Shad 
James 
1969 30 263.0 39.0 25.0 
1970 94 2,273.0 164.0 41.0 
1971 96 1,491.0 63.0 12.0 
1972 165 368u0 4.6 4.9 
1973 115 560.0 7.3 11.0 
1974 166 86.7 1. 6 4.9 
1975 133 2,656.2 5.2 1.5 
1976 168 28.8 0.1 0.1 
York-
Pamunkey 
1970 68 128.0 12.0 3.6 
1971 56 251.0 52.0 2.3 
1972 108 15.0 5.5 4.2 
1973 80 164.0 8.5 6.0 
1974 80 3.7 1. 4 3.2 
1975 56 29.5 85.0 1.3 
1976 42 0.2 0.1 0.1 
York-
Matta;eoni 
1970 54 89.0 7.1 5.8 
1971 45 11.0 23.0 6.6 
1972 94 17.3 8.3 5.7 
1973 62 15.0 27.0 24.0 
1974 80 4.8 0 3.7 
1975 37 14.4 0.4 0.9 
1976 33 0.2 0 0.1 
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Table 3. 5. (continued) 
River 
and Total American 
Year Tows Blueback Alewife Shad 
Rappa-
hannock 
1970 62 108.0 10.0 0.6 
1971 69 44.0 1.9 0.2 
1972 124 234.0 38.1 0.2 
1973 80 558.0 36.0 0.8 
1974 106 3.8 1.2 2.1 
1975 99 763.5 8.7 0.3 
1976 57 93.4 0.4 0 
Potomac 
1970 38 169.0 27.0 0.5 
1971 68 8.9 0.4 0.2 
1972 124 54.0 5.5 1.0 
1973 105 4.5 0.8 0.1 
1974 105 1.4 0.4 0 
1975 97 350.1 0.7 0.1 
1976 155 1.0 0.3 0-
Data source: All data previous to 1976 from Hoagman and 
Kriete, 1975 (modified). 
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Table 3.6. The 1976 alosine juvenile catch-per-unit-of-
effort (c/f) in tributaries to the James River. 
Number Catch-per-unit of-effort(a) 
Tributary Mile of Amer. 
Tows Shad Alewife Blueback 
Grays Creek 35 2 0 0 0 
Chickahominy 40 31 0 0 21.4 
Herring Creek 58 2 0 0 0 
Powell Creek 59 2 0 0 2 
Appomattox River 66 4 0.8 0 11.5 
Turkey Island Oxbow 67 8 0.1 0 5.9 
Jones Neck Oxbow 70 7 1.2 0 1.2 
(a) 
c/f is the weighted mean of each vessel's c/f, where number 
of tows was the weighting factor, and catch data were 
adjusted to simulate 10 min tows. 
.Table Ji.. 7, J?.sl:~ lliltliber ·of ~of-thryear alosinea in ~l i':aU ~a. 
River .-am! 
Mile£ area in Nur~ery Volume ig ~sery -1/0lume'II Equated Estimat.ed !!!umber {in Millinns) 
!f.!sJil!ile~ Zone, 1o¾J ~lOm 1to .!!!!allest Zone Dl:.!lCi;£!: 1970 1971 1972 1973 197" ,.;!975 1976 
James 190,!l 763,2 15.97 1\lueback 1633,5 1071,5 264.5 402,4 &2,3 lilll.,9 20,7 
35-60 Alewife 117,ll 45.3 3.3 5.2 1.1 3c. 7 0.04 
American Shad 29,5 8.6 3,:0 7.9 3,5 1,1 0,05 
York-Pmnnnk.ey 25,6 102.,4 2,,15 Rl.ueback 12,3 24.2 1,4 15,ll 0.4 2.ll o_..o2 
30-60 Alewife 1,2 s.o o.s o.s 0.1 8,2 0,01 
American Shad 0,3 o.z 0,4 0.6 0..3 .Q,1 0,01 
Yorl<-Matt:aponi 11,9 47.8 1.00 .lllueback 4,0 0,5 0.8 0.7 ;0.2 0.6 0,01 
30-50 Alewife 0,3 1,0 0,4 1.2 0 0.,02 Q 
American Shad 0,3 0,3 0.2 1,1 ,0,2 0.04 0,01 
Rappahannock 32.4 129.4 2.71 Rlueback 13,2 i,4 28,5 6.8.0 0~5 B3.0 11.4 
50-'80 Alewife 1.2 0.2 4,6 ;..r. 0.1 l,l 0,.-05 I-' 
w 
American .Shad 0,07 0,02 0,02 0.1 1.s 0.1 ,o 0 
Potomac 206,,2 .824 .• ll 17. • .26 '.lllueback l3l.2 f>.ll 41.9 3.5 1.1 27,1..Jl o.a 
65-95 Alewife 21,0 o.3 4,3 0~6 o.3 0.5 0 .. 2 
American Shad 0,4 0.2 0,8 O~l 0 0.1 0 
Total: Blueback 1794.2 1180.5 337,1 490.4 64,5 2277,2 32,9 
Alewife 141,5 51,8 13,l 12.2 1.6 13.5 o .• 3 
American Shad 30.8 9.3 4,7 14.9 5,5 1,4 0.1 
Data source: All data -pr.evious to 1976 from Hoagman .and Kriete., 1975 (modified). 
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Table 3.8. Salinity at the lower bounds of the traditional 
nursery areas. 
Salinity ( 0/00) 
River Mile 1974 1975 1976 
James 35 1.54 0.71 4.86 
York-
Pamunkey 30 6.86 8.93 7.50 
York-
Mattaponi 30 5.82 4.12 8.96 
Rappahannock 50 0.15 0.08 0.68 
Potomac 65 1.09 0.20 0.80 
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Job 4. Feeding Energetics of Juvenile Alewife 
The Ph.D. dissertation of James E. Weaver was the 
contracted work in job 4 during 1974-75. His study of 
the feeding energetics of juvenile alewife has increased 
our understanding of resource interactions in the fresh-
water nursery zone. 
The full dissertation is not included in this report 
because of its length and detail, Complete copies on 
microfiche are available from: 
University Microfilms 
Ann Arbor, Michigan 48104 
To indicate the scope and major findings of the 
study, the following is provided. Full publication of 
findings will be made through scientific journals. A 
brief review of methods and preliminary results was 
presented in the 1974 annual report for this project. 
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FOOD SELECTIVITY, FEEDING CHRONOLOGY, AND ENERGY 
TRANSFORMATIONS OF JUVENILE ALEWIFE (ALOSA PSEUDOHARENGUS) 
IN THE JAMES RIVER NEAR HOPEWELL, VIRGINIA 
James Edwin Weaver 
Columbus, Georgia 
B.S., Louisiana State University, 1968 
M.S., Louisiana State University, 1969 
A Dissertation Presented to the Graduate 
Faculty of the University of Virginia 
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Doctor of Philosophy 
Department of Marine Science 
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GENERAL ABSTRACT 
Juvenile alewife, Alosa pseudoharengus (Wilson), in 
the nursery area of the James River, Virginia usually 
exhibited a bimodal diurnal feeding periodicity. Mature 
calanoid and cyclopoid copepods, copepodite stages of 
copepods, and cladocerans were predominant prey during 
the day. Nocturnal feeding on ostracods, oligochates, 
and immature and mature insects was occasionally noted. 
In general, electivity (E) was strongly positive for the 
large adult copepods Eurytemora affinis, Cyclops vernalis, 
and the cladoceran Leptodora kindtii, moderately positive 
for the cladocerans Bosmina spp., neutral for copepodites, 
moderately negative for the cladoceran Diaphanosoma 
brachyurum, and strongly negative for copepod nauplii. 
The effects of selective predation on the zooplankton 
community were not as pronounced as those found in lake 
environments, although the relatively small Bosmina spp. 
increased in abundance during the period of maximum 
utilization of the nursery area by alosine fishes in 
both years. 
Energy transformations by juvenile alewife in the 
nursery area of the James River were estimated in 1972 and 
1973 by field and laboratory methods. Preliminary 
estimations of daily rations were determined direc±ly by 
ash-free caloric value of stomach contents in alewife 
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collected every three hours during 27-hour stations, with 
laboratory-derived corrections applied for caloric value 
remaining from prior meals at mean environmental tempera-
ture. Percent egested of the caloric content of ingesta 
was estimated in the laboratory. Mean wet weight of all 
fish collected each month was converted to dry weight and 
caloric equivalent based on caloric analysis of ten fish 
each month, and the differences in caloric value between 
time intervals were calculated for estimation of growth 
rates. The caloric value of the remainder, after growth 
was subtracted from assimilation, was assigned to mainte-
nance, since laboratory estimates of respiration rates 
were consistently high possibly due to handling of the 
excitable fish. 
Ash-free caloric value of fish biocontent, daily 
ration, egesta, assimilation, and respiration for an 
average fish increased from early summer through September 
in each year. Growth, as percent of assimilated energy, 
was 48% in 1972 and 37% in 1973, respectively. Mean 
maintenance efficiency was 52% in 1972 and 63% in 1973. 
Lower water temperatures in 1972 may partially account for 
these differences. 
2 
herring c/f by pound nets in the Potomac River 
declined from 261,000 lb in 1967 to 35,000 lb in 
1976. 
9. Preliminary records demonstrated a larger portion of 
the total shad landings from drift gill nets than 
was previously realized. 
3 
Job 1. Catch-Per-Unit-of-Effort 
Introduction 
The annual spring spawning run of adult alosine 
fishes represents an important economic resource to 
hundreds of fishermen in the Chesapeake Bay and its 
tributaries. Generally, the fishing season lasts from 
February to June with peaks in March and April. 
Total effort by pound nets increased in 1976 over 
1975. Active pound ne~s i~cr~ased by 9% overall with 
increased effort in 3 are~s; the Potomac River (Fig. 1.11), 
Windmill Point to Smith Point, and south of Hungar Creek 
(Fig. l.lP). Effort in the Rappahannock River decreased 
10% (Table 1.1, Fig. 1.1). The total number of stake gill 
net stands decreased by 16% compared to 1975, with the 
greatest decrease (41%) occurring in the James River 
(Table 1.2). 
Stocks of alosine fishes continued at low levels of 
abundance in 1976, although segments of the fishery did 
increase, e.g., catch in the James River. American shad 
prices remained high for both sexes during most of the shad 
fishing season. Therefore, the usual practice of dis-
carding males at the net was minimal. Prices for river 
herring were slightly higher in 1976 in the areas of 
herring processing plants, compared to the prices of the 
1967-1974 period. 
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Catch-per-unit-of-effort (c/f) is discussed in two 
separate sections; first, 1976 landings and second, 
1967 to 1976 period. This allows the 1976 catch 
estimates to be computed by the revised method of Hoagman 
and Kriete (1975) yet also permits data from 1967 to 1976 
to be analyzed for abundance trends by the original method 
of determining catch estimates and c/f. Unless otherwise 
indicated all catch estimates are for landings above mile 
10 in each river. It is assumed that fish caught above 
this point have chosen that particular river in which to 
spawn and thus is indicative of the number of spawning 
adults in a given river system. 
Prior to 1975 stake gill net catch estimates were 
determined by expanding the c/f of index stands (Hoagman, 
et al., 1973). In 1975 and 1976 this was revised to 
catch per linear foot of index nets. Pound net estimates, 
prior to 1975, were determined by multiplying the c/f of 
index nets by the number of nets in the river by the 
number of days the index nets were hauled. The c/f of the 
index nets was determined by dividing a fisherman's catch 
for a two-week period by the number of nets fished, 
multiplied by the number of times the nets were hauled. 
Starting in 1975, length was taken into account (Hoagman 
and Kriete, 1975). Effort by pound nets was determined 
by aerial counts of active nets at two-week intervals. 




fishing season by counting gill net stands and stakes 
within each stand at the peak of the fishing season. 
The number of stakes is indicative of the gill net 
length. 
The statistical reporting system of the Virginia 
Marine Resources Commission (VMRC) had not been expanded 
to cover finfish in 1976. Therefore, no comparisons 
between our estimates and VMRC's data could be made 
for this report as planned. 
1976 Catch Estimates 
James River 
The 1976 fishery for American shad in the James River 
had an abbreviated season. The river was closed to all 
forms of fishing in December 1975 as a result of Kepone 
contamination. This ban was modified on 28 February 1976 
to allow fishing for shad only from the river mouth to mile 
29. Many fishermen were reluctant to invest money on what 
they considered a very questionable fishing season. 
Gill nets yielded an estimated 1.2 million lb of 
American shad during the abbreviated fishing season. This 
figure includes fish taken between mile 5 and 10. Gill 
net stands above mile 10 yielded an estimated 0.9 million 
lb of American shad, a 29% increase compared to 1975. 
Fishermen attribute the increase to (1) a change from 
\ 
multifilament nylon to monofilament nets and, (2) the 
fact that shad remained in the vicinity of the James River 
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bridge (mile 10) for several weeks. The shad had moved 
to the area of mile 25 in mid-April when the river was 
closed to fishing. 
Prices for both sexes remained high throughout the 
shortened season, partly due to scarcity of American shad 
in other areas of the state and the growing practice of 
"boning" shad. We know of no one from Virginia actively 
boning shad with any degree of proficiency. Professional 
"boners" move from state to state during the shad season 
following the peak of the landings from south to north. 
The peak landings of the shortened season occurred during 
the last of March to the first of April (Table 1.3). 
As in 1975, the greatest concentration of stake gill 
nets was between mile 15 and 20 (30,900 linear ft) and 
represented 62% of the nets above mile 10 {Table 1.2). 
Landings of females (in pounds) was 13.4 times greater 
than the male landings for the season. This is attributed 
to selectivity of netting utilized by the shad fishermen 
(stretch mesh sizes ranged from 4 7/8 inches to 5 inches). 
These meshes more readily capture the slightly larger 
females than males,and females command a slightly higher 
market price than males. 
York River 
No pound nets in the York River are located above mile 
10 and therefore no catch indices were derived. 
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Stake gill nets caught an estimated 159,000 lb of 
American shad in the York River system; this is a decrease 
of 35% compared to 1975 with only a 3% decrease in effort. 
Peak shad landings occurred during the second half of 
March (Table 1.4). As a result of gear selectivity, the 
number of pounds of females landed was greater than males 
(8.8:1). Fishermen discarded fewer males at the net than 
in 1975 because the general sc2:r,...i.ty of American shad 
kept dockside prices high 211 season. The higher prices 
also reduced the practice of cutting roes from females. 
The roes were usually destined for local markets, mostly 
to restaurants. The cut fish was then sold as scrap or 
discarded at the nets (Hoagman and Kriete, 1975). 
Estimates of hickory shad caught by stake gill nets 
decreased 56% compared to 1975 (Table 1.4). About 25% 
of the 1,484 lb of hickory shad landed were cut for the 
roes. The smaller hickory shad do not carry the market 
value of American shad. Thus, the taking of hickory 
shad roes was to supply a market demand unfulfilled by 
the American shad roe. 
Catch records were obtained from a drift net fisher-
men who fished on a regular basis in an attempt to assess 
the drift gill net fishery for shad. During the 1976 
season, the fisherman landed 6,700 lb of American shad 
(5,100 lb female and 1,500 lb male) in 40 days of'' 
fishing. In the three-year period 1974-1976, the fisher-
man averaged 253 lb of American shad per day fished. We 
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cannot reliably expand this catch to give an estimate of 
the total catch by drift gill nets, but we plan to assess 
this fishery in 1976-1977. 
Rappahannock River 
The number of active pound nets above mile 10 remained 
relatively stable in 1976 (Table 1.8). The landings of an 
estimated 5,000 lb of American shad, 97,000 lb of alewife, 
and 150,000 lb of blueback represent decreases of 47%, 
39% and 61%, respectively. Price seems to be the prime 
factor controlling amount of fish retailed at dockside. 
No dockside sales were reported in 1976 indicating that 
shipping prices exceeded dockside prices. 
Peak landings of female American shad occurred during 
the second half of April, but male landings had two minor 
peaks: second half of March and second half of April. 
Alewife and blueback peak landings occurred during the 
first half of April below mile 30 and the second half of 
April above mile 30. 
Pound nets yielded an estimated 207 lb of hickory 
shad in 1976 (Table 1.5), a 93% reduction in catch 
compared to 1975. 
The number of stake gill nets increased slightly in 
1976 with an 11% increase in total linear footage. The 
estimated total gill net catch of American shad was 
42,000 lb, down 20,000 lb compared to 1975. This reduction 
is misleading if only total pounds landed and not c/f is 
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considered in the comparison. The mesh sizes of stake 
gill nets above mile 35 were too large to effectively 
capture American sr1ad (stretch mesh of 6 inches to 9 
inches). These nets were set to capture striped bass and 
yielded only an occasional American shad. We also 
estimated (after conversations with fishermen) that 31% 
of the stake gill nets below mile 35 were set primarily 
to capture striped bass. Thus, the effective c/f for 
1976 more closely approximates the c/f for 1975 than total 
landings might indicate (Fig. 1.4c). Peak landings of 
both sexes of American shad occurred during the second 
half of March (Table 1.6). As with shad landed by pound 
nets, few fish were retailed at dockside and few roes 
were cut because of the sustained high market value of 
shad in Baltimore and New York City. 
There were no hickory shad reported by index stake 
gill net fishermen in the Rappahannock River for 1976. 
It is possible that the usual small catch of hickory 
shad were sold with American shad and therefore,were 
never reported. An estimated 3,000 lb of hickory shad 
were landed in 1975 in a 6-week period (15 March to 30 
April) and it seems unlikely that such a drastic reduction 
would occur in only one year. 
Potomac River 
' ' 
Potomac River landingsdatawere supplied by the 
Potomac River Fisheries Commission, and reflect all 
landings under the jurisdiction of the commission. 
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Pound nets landed 21,000 lb of American shad and 1.3 
million lb of river herring in 1976 (Table 1.7), a 53% 
increase in American shad and 76% decrease in river 
herring relative to 1975 landings. Peak landings of male 
and female American shad and both species of river herring 
occurred during the month of April. Pound net effort 
was up 15% compared to 1975. 
Gill netters harvested 94,000 lb of American shad, 
100 lb of hickory shad and 700 lb of river herring (Table 
1.7). This was a decrease for American shad compared to 
1975, with the greatest portion of the decrease attributed 
to reduced landings of females (14%). Stake gill nets 
accounted for 61% of the shad, anchor gill nets for 27% 
and drift gill nets for 7%. The remaining 6% were 
reportej in a combined form of stake and anchor gill net. 
Stake and drift gill net catches had a large ratio of 
females to males which reflected the use of nets set 
primarily for American shad; conversely, the smaller 
mesh (3 1/2 inches - 4 1/2 inches) anchor gill nets were 
set primarily for white perch, schooling striped bass 
and other demersal species. Stake and drift gill net 
catches peaked in April, a month later than peak landings 
from anchor gill nets. River herring landings were 
incidental because of the large mesh sizes utilized by 
gill net fishermen. 
11 
Catch-Effort Evaluation: 1967-197..6. 
Stocks of alosine fishes have been declining since 
1967. Catch-per-unit-of-effort (c/f) is used as an 
indication of the condition of the stocks rather than 
total landings because the latter may be the result of 
a change in stock density and/or fishing effort. 
The discussions of c/f and landings that follow are 
based on estimates for the James, York and Rappahannock 
river fisheries, and actual landings from the Potomac 
River as reported to the Potomac River Fisheries 
Commission. No pound net records are available for the 
James and York rivers, thus no indices were derived for 
these rivers. No gill net records were obtained from the 
Rappahannock River in 1967 or from the James River in 
1967 and 1968. Comparisons of landings and c/f for stake 
gill net for these rivers are therefore restricted to the 
years 1969 to 1976. 
For improved accuracy, yearly c/f for pound nets in 
the Rappahannock River was derived by dividing total 
catch by the number of net days to obtain catch/day per net. 
This weighted average (net days) accounted for the 
variability of the number of nets and days fishing. This 
figure was then multiplied by the number of fishing days 
in the season to obtain catch/net per season. The yearly c/f 
for the Potomac River was derived by dividing the'average 
number of active pound nets observed into the total landings. 
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Yearly c/f by gill nets in the James, York and Rappahannock 
rivers was derived by dividing total catch by gill net 
counts (Table l.BB). In the Potomac River gill net c/f 
was obtained by dividing total catch by the number of 
licenses sold, since gill net counts are not made in this 
river. 
Pound net effort decreased steadily from 1967 to 
1973 (Table 1.8A). Since 1973 the number of pound nets 
has increased but has not returned to the levels of 1967 
(Wilson and Davis, 1973). 
Overall effort by stake gill nets in the James, York 
and Rappahannock rivers increased since 1967 although 
individual rivers had independent fluctuations (Table 
1. 8B). 
Total estimated landings of American shad by stake 
gill nets varied greatly from river to river and year to 
year. The largest catch in the James River ( 3 million lb) 
occurred in 1972 and the smallest (700,00 lb) in 1975 
(Fig. 1.2). Catches during all other years remained 
relatively stable between 1.5 and 1.9 million lb. The 
largest catch (500,000 lb) in the York River occurred in 
1973 and the lowest (100,000 lb) was in 1975. The peak 
landings for the 8-year period in the Rappahannock River 
occurred in 1971; since 1973 there has been a slight 
increase in landings each year in this river. 
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The combined c/f of American shad by stake gill nets 
increased from 1969 to 1972r then decreas from 1972 tc 
1975, and rose sharply in 1976 (Fig. 1.3B). Males usually 
represented an insignificant proportion of the total 
landings due to their poor market value, especially after 
Easter and the peak of the season. However, in 1972 the 
year of peak landings from 1967 to 197'-i, males represented 
40% of the combined c/f for all rivers (Fig. 1.3B). 
James River 
The number of pound nets in the ,James River declined 
steadily from eight in 1967 to none in 1975 and 1976. The 
reason for the disappearance of pound nets seems to be the 
expense of the gear, labor involved in fishing the gear, 
the lack of int~rest by younger men to take over the 
operation of existing nets in years past. 
The James River typically lands 80% of all American 
shad harvested by stake gill nets in Virginia waters 
(excluding the Potomac River) and 77% of all female shad 
landed. Gill net effort declined from 1968 to 1970 and 
then began to increase through 1975. In 1976 effort again 
decreased (Table 1.8B) due to the fishing ban in the 
river as a result of Kepone contamination. The c/f 
increased from 1969 to 1970 and remained fairly stable 
until 1972. From 1972 until 1975 the c/f decreased from 
30u000 lb to 5,000 lb but increased again in 1976 ig. 
1.3A). The c/f for females during the same period 
increased from 1969 to 1970 but then declined until 1975. 
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There was a dramatic increase in c/f of females from 
3,800 lb in 1975 to 20,000 lb in 1976. Males represented 
7% by weight of the landings in 1976. 
The long term trend of c/f of American shad by stake 
gill nets in the James River exhibits almost the identical 
pattern as the combined c/f of the James, York and 
Rappahannock rivers (Fig. 1.3A), due to its large 
contribution to the total landings. It is expected that 
this trend will continue but it is too early to predict 
if the increase inc/fin 1976 will carry over into 1977. 
York River 
The number of active pound nets in the York River 
decreased from 19 nets in 1968 to four nets in 1971, then 
increased gradually to its present level of 10 nets (Table 
1.8A). In 1976 all nets were located below mile 10 and, 
therefore, are not used in computing estimated catch of 
American shad or river herring for the York River. 
The number of stake gill net stands fluctuated from 
1967 to 1972 at which time an increase was noted. This 
continued through 1975 (Table 1.8B}. 
The York River exhibited an increasing c/f of American 
shad from 1969 to 1971 and then stabilized until 1973 
(Fig. 1.4B). The 1974 c/f decreased slightly from 1973 
and then dropped 62% from 1974 to 1975. 
During the 8-year period from 1969 to 1976, males 
consistently represented only 10% of the total landing. 
Gill net fishermen seeking shad select 5 to 5 1/4 inches 
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stretch mesh nets since these mesh sizes primarily capture 
the larger, more valuable female fish which retain their 
higher market value longer than males. The males that are 
captured are often discarded at the net or sold as scrap. 
Rappahannock River 
The number of pound nets in the Rappahannock River 
increased 23% from 1967 to 1975 with a slight decrease in 
1976 (Table 1.8A). The c/f of American shad by pound 
nets during the same period increased from 1967 to 1968 
but declined drastically during 1968 to 1976 from 7,000 
lb/net to 125 lb/net (Fig. 1.5). The ratio of males to 
females, obtained from random samples from pound net 
catches, fluctuated from year to year. 
The estimated yield of river herring by pound nets 
during the period 1967 to 1976 dropped 91% from 3.2 million 
lb to 0.3 million lb. The c/f of alewife during this same 
period decreased 92% from 29,000 lb to 2,000 lb with a 
stable period from 1971 to 1974. The c/f of blueback 
declined 96% between 1967 and 1970 from 62,000 lb to 
2,400 lb. There was a recovery in c/f of blueback in 
1971 which remained fairly stable until 1975 when it 
once again began declining (Fig. 1.6). 
Effort by stake gill nets on the Rappahannock River 
fluctuated during the 10-year period beginning i~ 1967 
but seems to be on an upward trend at the present. All 
stake gill nets in the Rappahannock River in 1976 were 
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not set with American shad as the target species. This 
fact will lower the estimated total catch, but ta what 
extent has not been determined. 
The c/f of stake gill nets increased from 1,600 lb 
to 4,700 lb between 1969 and 1971 but dramatically 
decreased from 1971 to 1972. Although low, the c/f has 
remained relatively stable from 1972 through 1976 (Fig. 
l.4C) and may reflect the use of gill nets set primarily 
for species other than alosine fishes. During the entire 
period female shad contributed 75% by weight to the 
American shad landings in the Rappahannock River. 
Potomac River 
The number of active pound nets in the Potomac River 
decreased from 86 to 36 from 1968 to 1974 but increased 
steadily from 1974 to 1976 (Table l.BA). Alosid landings 
declined from 8.7 million lb in 1967 to 1.4 million lb in 
1976 (Fig. 1.7). 
The c/f of American shad by pound nets declined from 
a peak of 4,700 lb in 1968 to 400 lb in 1975, then 
recovered slightly to 600 lb in 1976 (Fig. 1.8). The c/f 
by stake and anchor gill nets increased from 1967 to 1970 
and then declined from 600 lb to 80 lb during the 1970-
1974 period (Fig. 1.8). The c/f trend of drift gill nets 
for American shad resembles that of stake and anchor gill 
nets except that the decline began one year earlier (1969, 
Fig. 1.8). 
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Although there have beenslightrecoverie~ in c/f by 
all gears fishing for American shad the overall downward 
trend in c/f continued. 
River herring (alewife and blueback) catches are not 
reported by species, but simply as alewife. Pound net 
c/f of river herring declined from 261,000 lb in 1967 to 
52,000 lb in 1973. It increased from 1973 to 1975, but 
decreased to 35,000 lb in 1976 (Fig. 1.9). 
Stake and anchor gill nets (combined) and drift gill 
nets exhibited a decline in c/f from over 200 lb in 1967 
to less than 1 lb in 1976 (Fig. 1.9) indicating that gill 
nets are no longer being fished for river herring; profit 
no longer warrants the effort. There has also been a 
shift in the number of type of gill net licenses sold, 
from those for stake gill nets to those for anchor gill 
nets; the latter gear is less expensive and more mobile. 
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Table 1.1 Number of active pound net stands in Chesapeake Bay and 
its Virginia tributaries during January-June, 1976. 
Jan. Feb. Mar. A2r. May June 
Area 29 24 5 23 13 29 20 8 23 
A James R. 0 0 0 1 0 0 0 0 0 
B Back R. 0 0 0 0 1 2 4 4 3 
C Poquoson R. 0 0 0 0 0 0 0 0 0 
D York R. 1 l_ 1 4 5 3 9 10 9 
E Mobjack Bay 0 1 3 5 7 8 8 7 6 
F Piankatank R. 0 0 1 3 4 2 5 5 4 
G Rappahannock R. 1 9 27 43 54 56 42 37 28 
H Great Wicomico R. 0 0 1 5 5 6 5 7 6 
I Potomac R. ( south 
side) 0 1 10 22 53 52 43 51 41 
J Cape H2nry to Fort 
Wool 0 1 0 2 3 3 4 2 4 
K Old Point to Tue 
Marsh 0 1 2 7 9 9 11 8 , J_ 
L York Spit 0 0 0 0 3 2 5 4 3 
M New Point to 
Stingray Point 1 1 8 14 23 23 22 23 24 
N Windmill Point to 
Smith Point 3 0 11 22 38 55 52 45 38 
0 Above Hungar Creek 0 0 0 0 0 0 0 0 0 
p Below Hungar Creek 9 6 5 7 14 24 31 29 30 --- ---- ----
Total 15 21 69 135 219 245 241 232 197 
' ' 
Table 1.2. Number of stake gill net stands fished in Virginia rivers 1974-1976 (A) and number of 
linear feet per five mile block (B) in 1976. Figures in parentheses include stands 
below mile 10. 
A. River Sys tern Number of Gill Net Stands 
1974 1975 1976 
James 128 (157) 148 88 ( 113) 
York 139 146 140 
Rappahannock 85 121 127 
B. River Mile Number of Stands Number of Sections Average Length/Section 
James 05-10 25 585 30 
10-15 8 168 30 
15-20 55 1,030 30 
20-25 21 360 30 
25-29 4 95 30 
Totals 113 2,238 
York 05-10 1 25 30 
10-15 42 969 30 
15-20 47 + 900 ft AGN'3 944 30 
20:...25 11 265 20 
25-29 39 592 19 
Totals 140 2,795 
Rappahan- 15-20 1 19 50 
nock 20-25 8 151 50 
25-30 36 828 50 
30-35 22 413 38 
35-40 21 570 38 
40-45 16 273 38 
45-50 12 157 38 
50-55 2 20 30 
55-60 8 79 30 
60-65 0 0 

























Totals 127 2,514 106,684 
(a) AGN = Anchor Gill Net 




Table 1.3 Estimated catch of American shad by stake gill nets for 5-mile sections in the James River 
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Table 1.4 Estimated catch of American and hickory shad by stake gill nets for 5 mile sections above 
mile 10 in the York River 1976 in lb., by half-month intervals. Effort from Tab le 1.2B, 
Index in lb/ft of net, 
American Shad 
Male Female Total 
Half Month River Estimated Estimated Estimated 
Period Mile Index Catch Index Catch Catch 
Feb, 1st 05-10 [.o3l] 23 [. 028] 21 44 10-15 901 814 1,715 
15-20 906 818 1,724 
20-29(a) 
Total 1,830 1,653 3,483 
Feb. 2nd 05-10 
[- 045] 
34 [.143] 107 141 10-15 1,308 4,157 5,465 
15-20 1,315 4,178 5,493 
20-25 
[-005 J 451 [- 102 J 541 992 25-29 956 1,147 2,103 
Total 4,064 10,130 14,194 
Mar. 1st 05-10 
[- 020] 
15 [-m] 281 296 10-15 581 10,901 11,482 
lS-20 584 10,958 11,542 
20-25 [- 129 J 684 [592] 3,138 3,822 25-29 1,451 
Total 3,315 31, 937 35, 252 
Mar. 2nd 05-10 
[.030] 
23 [.679] 509 532 10-15 822 19,739 20,561 
15-20 871 19,840 20, 717 
20-2c, 
[-2n2J 
1,071 E,rnJ 6,959 8,030 2',-29 2,272 14,769 17,041 
Total s, 065 61,816 66,881 
Apr. 1st OS-HI [.ouJ 10 [- 286] 215 225 10-15 378 8,314 8,692 
15-20 380 8,357 8,737 
20-25 
[-055 J 350 [. 824] 4,367 4,717 25-29 742 10,010 
Total 1,860 30,521 32,381 





10-15 87 2,587 2,674 
15-20 88 2,601 2,689 
20-2S 
[-001] 5 [-ogs] 519 524 25-29 11 
Total ---m 6,876 7,069 
Total by Sex 16 327 142 933 
Grand Total 159,260 
Hickory Shaal h) 
Feb. -Apr. 10-20 .015 856 
Mar. 2nd 20-29 ,016 265 
Apr, 1st 20-29 .022 346 
Apr. 2nd 20-29 .001 .....-12 
Total 1,484 
· ( a !None reported by index fishermen. 
(b)oata from mile 10-20 were not reported in half month intervals. 
Table LS Estirna ted catch of American and hickory shad and river herring by pound nets in the Rappahannock River 1976 in lb., by ha 1f -month intervals. 










































































































































Blueback Total Number 
Estimated Days Index 
Percent Total Nets Hauled 
- - 3 
5 
10 
74.7 23,792 11 
46.6 4,065 13 
71.3 46,491 13 
62.9 19,903 13 
76,6 21,544 12 
40.8 25,552 13 
14 
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Table 1.6 Estimated catch of Americ11n shad by stake gill nets in the Rappahannock River 1976 in lb,, 
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Incidental catches 
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.002 82 123 
8,444 9,163 
[179] 117 131 933 1,048 4,990 5,618 
1,938 2,176 
7,978 8,973 





Table 1,7 Total catch of alosine fishes by gill nets (A) and pound nets (B) in the Potomac River 1976 in lbs. 
A, Stake Gill Nets 
American Shad Hickorl'. Shad River Herrin9: 
Female Male Alewife Blueback 
February 16 183 47 3 
March 5,196 2,036 82 182 
April 45,410 2,350 10 24 204 
May 2,012 51 
Total 52,634 4,620 10 153 389 
Grand Total 57,254 10 542 
Anchor Gill Nets 
February 22 41 4 6 
March 7,901 6,492 11 21 47 
April 6,998 3,599 1 3 23 
May 129 39 
Total 15,050 10,171 16 30 70 B. 
Grand Total 25,221 16 100 
Stake & Anchor Gill Nets 
(not reported separately by fishermen) 
February .. / 30 3 
March 965 669 
April 3,282 263 
Total 4,277 935 
Grand Total 5,212 
Drift Gill Nets ( allowed only during April and May) 
American Shad Hickory Shad 









Grand Total 6,540 
Total of Gill Nets 
by species 
77,061 17,166 
Grand Total 94,227 
Pound Nets 
February 0 0 
March 651 3,009 
April 4,244 5,855 
May 964 5,401 
June 21 411 
Total 5,880 14,676 
--Grand Total 
Total by species, 
all 9:ear combined 
{!),<(_ I" 
82,941 31,842 






























Table 1.8 Peak number of pound nets, from semi-monthly aerial pound net counts, by are3 sy year and yearly peaks (A);and total number of stake gill net stands 
in Virginia rivers by year (B). Figures in parentheses include gill net stands belC>lv mile 10. 
A. Pound Nets Ca) 1957 1968 
James River 8 5 
Back River 8 10 
Poquoson River 3 3 
York River 1S 19 
Mobjack Bay 10 8 
Piankatank River s 4 
Rappahannock River 48 51 
Great Wicomico River 3 5 
Potomac River (south 
side) 83 86 
Cape Henry - Fort Wool 12 11 
Old Point - Tue Marsh 
Point 20 16 
York Spit 11 10 
New Point - Stingray 
Point 40 28 
Windmill Point - Smith 
Point 58 50 
Eastern Shore (Bay side) 
Above Hungar Creek 6 5 
Below Hungar Creek 35 
Peak Number of Nets 
during year 332 317 
B. Stake Gill Nets(b) 
James River NA 95(c) 
York River 90 86 
Rappahannock River NA 144 
Total NA 325 
(a)Number indicates peak for area for given year. 























(c May include below mile 10. 























NA data not available. 
1971 1972 1973 1974 1975 1976 
2 4 l 1 0 1 
7 7 5 7 5 4 
1 2 2 2 l 0 
4 7 7 9 8 10 
s 3 5 10 11 8 
4 4 4 6 4 5 
52 54 52 61 62 56 
1 3 4 5 7 7 
63 58 47 3o 45 53 
5 4 6 5 5 5 
16 8 6 7 10 11 
7 4 5 3 2 5 
28 25 22 r _:, 20 24 
26 31 31 38 44 55 
l 2 1 1 0 0 __n 20 23 31 27 31 
228 224 20C 226 223 245 
82 ( 98) 99(c) 112 (115) 128 ( 157) 148 (171/dl BB ( 113) 
109 96 130 139 146 140.5 (141.5)(d) 
98 114 100 85 121 127 
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Figure 1.2. Estimated total catch of American 




































ALL RIVERS, COMBINED 





















Figure 1.3. Estimated c/f of female and female-male American 
' shad combined in lb. by year for James River {A) 
and all rivers combined (B) (excluding Potomac River). 
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Figure 1.4. Estimated c/f of American shad female and 
sexes combined by year for the James (A), 
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Figure 1.5. Estimated c/f of male and female American shad by 
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Figure 1.6. Estimated c/f of Alewife and Blueback by pound 
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Figure 1.7. Total catch of American shad and river 
herring in lb. in the Potomac River by 
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Figure 1.8. American shad c/f by pound nets, stake and anchor 
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Figure 1.9. River herring c/f by pound nets, stake and anchor 
gill nets and drift gill nets by year in the Potomac River. 
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Appendix I 
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1853 m 
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28.349 grams 
2.8349 decagrams (dkg) 
453.59 grams 
45.359 dag 
.45359 kilograms (kg) 
907.18 (kg) 
.90718 Ton (metric) 
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Job 2. Population Dynamics of Adults 
Summary 
1. The USA inshore landings of river herring (alewife 
and blueback) in 1976 declined because of the 
dramatic decrease in the Virginia landings. The 
latter, approximately 4 million lb, was only 37% of 
the mean landing for the previous 5 years. The 
decline reflects the recruitment failure of the 1972 
year class in Virginia waters. 
2. The average age of the river herring catch in 1976 
increased relative to 1974 and 1975. In the latter 
2 years, 4-year-olds were the modal group for both 
vi~gin spawners and all spawners. The 1972 year 
class, however, had only token representation in the 
1976 commercial catches. In the absence of the 4-
year-olds, 5- and 6-year-olds were dominant. 
3. Tropical Storm Agnes in June, 1972, is a suspected 
decimator of the 1972year class of rive~ herring; if 
so, stock density will not appreciably improve until 
the expected recruitment of the strong 1975 year class 
of blueback in 1979. 
4. The USA offshore river herring landings from 1973 
through 1975 were relatively constant averaging about 
19 ~illibn lb~ foreign landings continfied to decline 
in 1975, due primarily to bilateral agreemen~~ between 
the USA and several foreign countries. Offshore landings 
data for 1976 are not presently available. 
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5. Blueback herring constitute 63% of the commercial 
river herring catch in the years 1974 through 1976, 
and their dominance over alewife was consistent 
year to year. 
6. Sampling was protracted in 1975 and 1976 relative 
to previous years. Data in these 2 years indicated 
that mean length and mean weight decreased as the 
season progressed. 
7. Female American shad predominated over males due to 
gill net selectivity. Overall, male river herring 
predominated over females but not consistently. 
8. During the 1976 alosine spawning season in Virginia 
waters, about 6,300 samples were examined, over 17 
thousand samples were analyzed in the 3-year contract 
period, 1974 to 1976. 
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Job 2. Population Dynamics of 2\dnl ts 
Sampling Procedures 
Sgmpling of adult alewife, blueback, and American 
shad from the commercial fisheries commenced in early 
March, 1976, and continued weekly for the river herring and 
semi-monthly for shad until the cessation of the spawning 
runs. When available, a random sample of 50 lbs of river 
herring (alewife an,'. bl l;F:b : a:1d 50 specimens of American 
shad from each commercial source were examined, and sex, 
length and weight recorded. Scale impressions were made 
to determine the age structure in the alosine fisheries. 
During the 1976 spawning season, 2,202 alewife, 3,528 
blueback, and 563 shad were sampled (Table 2.1). 
There was no river herring fishery in the James River 
in 1976 and only an abbreviated shad fishing season, 
March through the first half of April, was permitted 
because of the presence of the pesticide Kepone. The 
last samples were obtained from the York, Rappahannock 
and Potomac rivers in the second half of April, the first 
half of June, and the first half of July, respectively. 
This time sequence is related to a south to north 
sequential rise in river temperatures in late winter and 
spring, with the commencement and termination of spawning 
being earliest in the more southern rivers. Observations 
by, and personal reports to VIMS personnel indicate that 
alewife spawn in the upper James and Rappahannock rivers 
40 
in February, and possibly in January in relatively warm 
winters. In contrast, blueback were reported spawning 
as late as September in a tributary to the Connecticut 
River (Loesch, 1969). No data are available for the 
earliest spawning alewife in Virginia waters since the 
pound net fishery starts about late February or early 
March when potential ice flow damage to nets is past. 
1976: Age Composition and Spawning Frequency 
The use of large mesh gill nets in the American shad 
fishery, set primarily for the capture of females, 
enhances estimates of the proportion of older fish and 
the proportion of repeat spawners in the stock. Frequency 
distributions of age structure and spawning history were 
constructed by river by species by sex; however, for 
brevity, shad data are condensed in Tables 2.2 through 2.5. 
The modal year class for both male and female American 
shad in the James, York and Rappahannock river samples was 
1971 (Tables 2.2, 2.3). However, the predominant number 
of males and females in the Potomac River samples were 
land 2 years older, respectively. Sampling error could 
account for the age structure difference; data are few 
and, in addition, 78% of the males and 64% of the females 
in the Potomac River samples were obtained in a single 
sample in the first half of April (Table 2.1). 
The modal value for the number of previous spawnings 
by male American shad varied from zero to two (Table 2.4). 
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Overall, the modal occurrence was one previous spawning 
experience. The low percentage of virgin spawners (29.9%) 
relative to the percentages of fish which previously 
spawned once and twice (35.1 and 26.1%, respectively) 
reflects gill net selectivity for older males. The modal 
value for previous spawning occurrences by female shad 
varied from zero to one (Table 2.5), but overall, virgin 
spawners were the modal group (39.8%). 
Male alewife ages in the York, Rappahannock and 
Potomac river samples ranged from 4 to 7, while female ages 
ranged from 4 to 8 (Tables 2.6, 2.7, 2.8). Age 5 was the 
modal value for both sexes in the York and Rappahannock 
river samples. In the Potomac River samples, the modal 
value for both sexes increased to age 6; however, x 2 
analysis indicated that the superiority in numbers of the 
1970 males was not significantly greater than those ,of 
the 1971 year class (P > O. 50). 
Blueback males in the York, Rappahannock, and Potomac 
river samples ranged from age 4 to 8, 5 to 8, and 4 to 8, 
respectively, and females ranged from age 4 to 7, 4 to 7, 
and 4 to 9, respectively (Tables 2.9, 2.10, 2.11). The 
observed modal ages for males and females in the York 
River was 5 and 6, respectively; however, for each sex, 
x2 analysis indicated no significant difference between 
year classes 1970 and 1971 (P>0.30 in both cases)\· Both 
sexes had a modal age of 5 in the Rappahannock River 
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samples, but in the Potomac River samples the modal value 
for both sexes increased to age 6. 
Potomac river herring sampling, unlike that for shad, 
was protracted (Table 2.1), therefore, there is less 
likelihood that the older modal ages in these samples were 
due to the luck of the draw. Hoagrnan et al. (1973) 
reported very strong 1970 year classes for American shad, 
alewife, and blueback in the Potomac River. This suggests 
a return to the parent stream; the thought is pursued1 
below in the analysis of the 3 years' data. 
1974-1976: Age Composition and Spawning Frequency 
There was a shift to an older age structure, 
predominantly 5- and 6-year-old fish, in the 1976 commercial 
catch of river herring relative to the 1974 and 1975 age 
structure (Table 2.12). Ninety-five percent or more of 
the 1976 catchwereage 5 or older. In 1974, 4-year-old 
fish were the modal year class for both virgin spawners 
and all spawners with the exception of female blueback 
in the Rappahannock River where the 5-year-olds were 
equally abundant (Table 2.13). Four-year-old fish in 1975 
were again the modal group for virgin spawners and all 
spawners. The pattern, however, was not repeated in 
1976. Five-year-olds, i.e., the 1971 year class, 
dominated the virgin spawners except for blueback in 
the Potomac River where 6-year-olds were equally abundant. 
With respect to all spawners, the modal ages were either 
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5, 5 and 6, or exclusively 6 (Table 2.13}. Thus, the 
1972 year class failed to enter the fishery as the 
dominant age class. In addition, in those cases where the 
1971 year class repeated its overall dominance in 1976, 
the yearclass proportion of 1971:1970 decreased (Table 
2.14). The dominant occurrence of the 1970 year class 
in the 1976 Potomac River samples could be interpreted as 
a re-emergence of its strong yearclass status after 
disproportionate mortality of the 1971 year class in 1975 
and early 1976. This premise would support a parent 
stream theory; however, the codominance and decreased 
ratios of the 1971 to 1970 year class in the other rivers, 
which did not have strong 1970 year classes, are contra-
dictory. 
The failure of the 1972 year class to dominate at 
least the. virgin spawning group may be related to the 
occurrence of Tropical Storm Agnes in June, 1972. Eggs 
and young-of-the-year may have been physically damaged 
by the highly turbid conditions. Also, heavy river flows 
may have swept them seaward where large mortalities would 
have occurred because of osmotic imbalance. Reduction 
of the 1971 year class is not understood. Possibly, it 
resulted from: (1) a selective natural or fishing 
mortality at sea; and/or (2) a change.in offshore 
environmental conditions, e.g., isotherms, encountered 
by this age group which directed their spawning migration 
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to a region other than Chesapeake Bay. Both possibilities 
are highly speculative. 
If the 1972 year-class was decimated by Tropical 
Storm Agnes, the density of river herring will remain 
low until the expected recruitment of the strong 1975 
year class of blueback (Hoagman and Kriete, 1975) enters 
the fishery in 1979. 
Offshore River Herring Catch in ICNAF Area 6 
ICNAF area 6 includes continental shelf waters from 
about Block Island, Rhode Island, to Cape Hatteras, North 
Carolina. The primary zone of river herring fishing 
within this region is the area approximately bounded by 
Cape May, New Jersey, south to Oregon Inlet, North 
Carolina, and east to 70°w longitude. The offshore river 
herring fleets operate east of the Virginia Capes and the 
Delmarva Peninsula from January to May; river herring are 
harvested there which otherwise would return to spawn in 
the tidal freshwaters of the mid-Atlantic states (Hoagman 
and Kriete, 1975). 
From 1966 through 1969, the Virginia and total inshore 
USA river herring landings remained relatively constant, 
averaging about 30 million and 58 million lb, respectively 
(Table 2.15). In 1969 the reported offshore landings by 
foreign fisheries, primarily the USSR, greatly increased, 
and the total river herring landings from both inshore and 
offshore were approximately 81 million lb. The river 
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herring stocks were appare11tly grossly overharvested. 
Inshore landings decrea3ed and leveled off at about 24 
million lb from 1973 through 19'/5. There were no USA 
offshore landings reported in this 3 year period; the 
foreign landings were low, due primarily to bilateral 
agreements between the USA and several foreign countries. 
In 1976 the total USA inshore landings of river 
herring again decreased (Table 2.15}. Traditionally, the 
states of North Carolina and Virginia have the major river 
herring fisheries. The North Carolina effort and landings 
in 1976 remained constant relative to the previous 3 
years (Harrel Johnson, N. C. Div. Mar. Fish., personal 
communication). Virginia landings in 1976 were only 
about 36% of that in 1975 and 37% of the mean landing 
for the previous 5 years. Effort was not a factor since 
in 1976 relative to 1975 it remained, in general, constant 
(e.g., decreasing slightly in the Rappahannock River but 
increasing slightly in the Potomac River; cf. job 1). The 
1976 decline in Virginia landings was probably due to the 
near absence of the 1972 year class which is believed to 
have been decimated by Tropical Storm Agnes. North 
Carolina fisheries were little affected by this storm and 
4 year old river herring were reasonably represented in 
their 1976 inshore fishery (Harrel Johnson, personal 
\ 
communication). The differences in age class structure 
imply separate inshore stocks for the two states. 
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In the forthcoming years under extended jurisdiction 
the river herring stocks should attain an equilibrium, 
assuming no increase in USA effort. The density of the 
stocks, however, will probably not increase significantly 
until the entry of at least one strong year class;_ 
possibly in Virginia this will occur in 1979 when the 
strong 1975 year class of blueback is recruited to the 
inshore fishery. 
1976: Length and Weight Analysis 
Analysis of variance indicated that the average 
length and weight of river herring in the York River 
samples was significantly greater than those determined 
from the Rappahannock and Potomac river samples (Table 
2.16). With the exception of average blueback length, 
there was no significant size differences between the 
Rappahannock and Potomac river samples. In Tables 2.17 
through 2.28, length and weight estimates are broken down 
by month, sex and year class. (Note that for ease of 
certain other computerized computations mm were converted 
to cm, and g to decagrams where 10 g = 1 dkg). With the 
exception of male alewife length, average length and weight 
decreased in the March and April samples from the York 
River (Tables 2.17 through 2.20). In the Rappahannock 
River, which was sampled through the first half of June, 
the average female length and the average weight of both 
sexes of alewife decreased with time (Tables 2.21, 2.22); 
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blueback did not exhibit this decreasing trend in 
average length and weight (Tables 2.23, 2.24). Both 
species and sexes decreased in average length and weight 
in the Potomac River samples. The decreased size is 
particularly noticeable in the May 1 June, and July 
averages when small samples (N < 15) are ignored (Tables 
2.25 through 2.28). A general decrease in weight with 
time could be attributed to an increasing percentage 
of spawned fish in the later samples. Undoubtably, 
gonad condition contributes to the observed variability 
in body weight but the assumption would not account for the 
decreasing trend of average length. The decrease in size 
with time could be due to: (1) an accretion in the river 
systems of immature fish who do not return to sea with 
the spawned adults; and/or (2) a tendency for younger 
spawning fish to reach maturation later in the season. 
In the Rappahannock River,alewife of year class 1971 and 
younger constitute 59.6% of the collection through May, 
but rose to 78.4% in the June samples (Table 2.21). The 
percentage of blueback of year class 1971 and younger 
in the same time frames rose from 54.6% to 64.6% (Table 
2.23). In the Potomac River,alewife of year class 1971 
and younger comprised 34.7% of the population through 
May, but increased to 76.8% of the June and July samples 
(Table 2. 25). Similarly, in the same time frames). the 
percentage of young blueback increased from 19.8% to 
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31.2% (Table 2.27). Thus, there is some evidence that a 
larger proportion of young river herring attain maturation 
later in the spawning season. 
overall, male American shad averaged 404 mm in 
length and 1,046g in weight. The mean length of shad in 
the Rappahannock River samples was significantly greater 
than that for the Potomac River samples (Table 2.29). 
However, the difference was only the fourth largest of 
six differences indicating that the statistical analysis 
was greatly influenced by the small sample sizes. No 
significant difference was found among the average weights 
of male shad. Female shad, overall, averaged 441 mm in 
length and 1,507 gin weight. The Rappahannock River 
female mean length was significantly larger than those of 
the James and York river samples, and their average weight 
was significantly greater than the other three estimates. 
The larger size of the female shad in the Rappahannock 
River samples could stem from the employment of large 
mesh gill nets set for the capture of striped bass in 
this river system (cf. job 1). 
1974-1976: Length and Weight Analysis 
In 1975, as in 1976, river herring sampling was 
protracted and the average lengths and weights reported 
by Hoagman and Kriete (1975), in general, declined during the 
spawning season. For example, their Potomac River data 
show that although mean lengths did not exhibit a linear 
decline, the pre-June alewife data averaged 237.0 mm for 
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males and 248.2 mm for females but the means of the June 
and July data declined to 233.2 mm and 244.2 mm, 
respectively. Likewise, male and female blueback 
averaged 237.4 mm and 247.4 mm, respectively, in the 
pre-June samples,but their respective averages for the 
June and July data dropped to 227.0 mm and 239.8 mm. 
· Previous reports presented annual trends in mean 
length and weight of ri1.T~· hn,,-r i in the Potomac River 
samples as a general indicator of the state of the 
Virginia stocks (Hoagman et al., 1973, 1974; Hoagman and 
Kriete, 1975). This format is continued but modified. 
The annual mean estimates in 1975 and 1976 were determined 
from pre-June samples in order that the sampling time 
frame be more compatible with those of previous years. 
Although the average weight of alewife decreased from 
1975 to 1976, there was a general increase in the past 
three years relative to the all time low in 1973 (Fig. 
2.1). Similarly, blueback mean weight increase in 1975 
and, again, in 1976 relative to an all time recorded 
low of 162 gin 1974. 
The annual average lengths in Figure 2.2 for the 
years 1966 through 1975 were calculated from the sample 
data of the last half of April and the first half of May, 
a time frame common to all years. The 1976 estimates 
were derived from the April and May data in Tabl~s 2.25 
and 2. 27. The general long-term trend of annual mean 
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lengths is similar to that for mean weights, however, there 
is less interspecies variation. Annual increases or 
decreases in alewife and blueback mean lengths are 
synchronized in all years except 1970, whereas, there are 
five such exceptions in the 11 annual estimates of mean 
weight. Relative measures of variation for the 1976 
Potomac River sample data indicate that greater precision 
was attained in length measurements than in weight 
(Table 2.30). 
The decline in average length and weight of river 
herring in 1969 was attributed to the increase offshore 
harvest of these species, primarily by foreign vessels, 
which peaked in 1969 (Hoagman et al., 1973, 1974; Hoagman 
and Kriete, 1975). It is a reasonable postulate since 
it is common for anunfished, or little fished stock to 
decrease in average size and age when significant fishing 
pressure is instituted. The measured attributes, however, 
quickly recovered and reached record highs in 1972 
(Figs. 2.1, 2.2). This was followed by dramatic 
decreases to record lows which cannot be directly 
attributed to the offshore harvest. The 1973 and 1974 
offshore catches were, respectively, only 29% and 42% 
of that in 1969 (Table 2.15). The implication is that 
the observed cyclic-like changes in annual mean length 
and weight could be, at least in part, a natural phenomenon. 
Failure of the 1972 year~class (discussed below) had the 
effect of increasing average size because the relative 
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Job 5. Culture, Rearing and Experimental Study of River 
Herring 
Development of techniques to rear alosine fishes from 
the egg through juvenile stages would allow experiments on 
the fish at several ontogenetic stages. These experiments 
would be uniform among replicates and stages tested in that 
the test animals would be from the same source and be exposed 
to the same environmental conditions until the time of 
testing. A documented series of each species would be 
obtained to allow description of larvae, aid in identification 
of field collections of larvae, and help in the recognition of 
hybrids in nature. 
Progress toward the fulfillment of these goals has been 
achieved, but we have not been able to allocate either the 
manpower or the funds to this job that we feel are required 
to make a breakthrough in the culture of alosine fishes from 
egg to juvenile stage. This is due to budget limitations 
and personnel requirements for our other contracted objectives. 
1974 Studies 
Adult fish in spawning condition were captured by gill 
net and dip net in tributaries of the James River on three 
occasions. Egg taking and fertilization techniques were 
described in Hoagman et al., 1973. Plankton netting was 
placed in the bottom of the fertilization pans in all trials. 
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Fertilized eggs and netting were transferred to aerated 
aquaria in the laboratory for incubation and were monitored 
for development and mortality during incubation. Incubation 
water used in the 10, 20, and 30 gal aquaria was obtained 
from the site of adult fish collection. The netting (0.5 
mm pore) retains the eggs (0.9 to 1.1 mm diameter) during 
incubation; after hatching larvae pass through the pores and 
do not become entangled in fungus on the dead eggs; and after 
all hatching, the dead eggs and fungus are easily removed 
from the aquaria. A fungicide (Wardley's Fungus Remedy) was 
added to the incubation aquaria (2 tbs/10 gal) to control 
fungus growth,but this was not fully successful. 
Food for the larvae was obtained from two nearby 
freshwater ponds. Plankton from approximately 150 gal of pond 
water, retained by 0.035 mm netting, was added to each 
aquarium daily. Rotifers were the most abundant food items 
(Keratella and Brachionus). A sample of larvae was examined 
with the aid of a dissecting microscope to inspect for 
feeding and growth, and a reference series of fish was 
preserved. 
Alewife x Alewife 
We did not capture both sexes of alewife in spawning 
condition on any collection trips in 1974. 
Blueback x Blueback 
Series A - Adult bluebacks were collected from Diascund Creek, 
a tributary of the Chickahominy River on May 8th. Eggs were 
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stripped and fertilized at 1145 hr EDT. The water temperature 
was 18.2 C. The fertilized eggs arrived at the culture 
facility at 1630 hr and were placed in aquaria and in a 
large circular fiberglass tank containing a gravel filter 
system and well water. Subsamples of the egg lots were 
examined and fertilization was near 100%. 
Observations at 22 hr after fertilization indicated 
high mortality (75+% in some case:;;). Water temperature 
had dropped to 15.5 c, suggesting fluctuation in water 
temperature during incubation as the cause of mortality. 
Approximately 1500 live eggs were manually removed from 
the dead egg and fungus masses and were placed in four large 
fingerbowls. The embryos were examined (at 28 hr development) 
and found to be at the early tail-bud stage. The remaining 
live eggs and fungus mats were returned to the aquaria to 
complete incubation. 
At 46 hr, the embryos' tails were free from the yolk 
and some movement was noticed. Approximately 10% mortality 
was noted in the fingerbowls. Temperature in all aquaria 
was 16 C and the water was changed in the fingerbowls. At 
52 hr the water in the fingerbowls was again changed. 
Replacement water was obtained at the collection site and 
retained in an aerated aquarium in the laboratory. 
At 62 hr, hatching had begun and the water temperature 
was 18 C. 
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At 86 hr, hatching was complete and larval density 
estimates in the aquaria were made (9,300 larvae present). 
These estimates later proved too unreliable and were 
discontinued. No larvae were found in the circular tank. 
Concentrated plankton was added to the aquaria on the 
morning of day 6. A sample of larvae taken four hr after 
offering food revealed no food in their guts. 
On day 7 food was again added and a sample of larvae 
was examined later, but no food was present in the gut. 
Similar results were obtained on day 8. 
On day 9 some dead larvae were observed in the aquaria 
as plankton was added. The subsequent sample of larvae 
revealed two fish with what appeared to be partially digested 
food present in their guts. The "food" items however were 
digested beyond identification. 
No food was added for the next two days and water 
samples from the aquaria revealed high densities of rotifers. 
On day 12 no live fish were observed in the aquaria and 
examinations of the culture water revealed marginal densities 
of food organisms. 
,Series B - Adult bluebacks in spawning condition were 
collected on May 29, at Walker's Dam on the Chickahominy 
River (water temperature 25.5 C). Eggs were fertilized at 
1430 EDT and arrived at VIMS at 1600 hr EDT. Spawning fish 
were not abundant at the collection site; as a result, one 
live female and one freshly dead female were fertilized with 
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sperm from only one live male. The condition of the eggs 
was not optimal in this test due to the state of the adults 
used and high water temperature. 
Fertilized eggs were placed in aquaria as before. 
Some egg mortality was evident as aquarium incubation was 
started and percent fertilization was not high. 
At day 1, very high mortality was noted and the water 
temperature was 21. 5 C. Appro::imately one thousand live 
embryos were removed from the netting and placed in finger-
bowls for incubation. Embryos were in the late neural stages 
at the time of sorting. Water was changed in the fingerbowls 
after 6 hr. 
At day 2, (43 hr after fertilization) the embryos were 
in the tail free stage and quite active. Hatching had begun 
in the fingerbowls by 50 hr after fertilization and larvae 
were observed in the aquaria. 
At day 3, hatching was complete in the fingerbowls and 
these larvae were transferred to a 20-gal aquarium. Hatching 
had not been completed inihe aquaria with egg mat netting. 
On day 4 hatching was completed in all aquaria and the netting 
was removed. 
On day 5, all larvae were consolidated into one 30-gal 
aquarium and plankton was added. On days 6, 7, 8 and 9 
plankton was added and live larvae were present. On day 8 
a one-quart sample from the aquarium contained 3 live larvae. 
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On day 10, three one-gal samples from the aquarium 
contained a total of one larva. No plankton was added since 
the density of the plankton was equivalent to densities 
after feeding. 
On day 11, no live larvae were found in the aquarium 
and plankton density was equal to that on day 10. 
A collection trip to Walker's Dam on June 4 yielded 
no spawning bluebacks. 
Hybrid Alosines 
Alewife and blueback of opposite sex in spawning con-
dition were not obtained during our field collections, thus 
hybrid crosses were not possible during 1974. 
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Job 7. Resident Fishes of the Nursery Zone 
Summary 
1. Trawl surveys were conducted during January and 
February of 1974, 1975, and 1976 in the major rivers 
of Virginia. 
2. The total estimated biomass in the freshwater nursery 
zone declined from 1974 to 1976 in each river except 
the Pamunkey River in 1975. 
3. Turkey Island and Jones Neck oxbows contributed 45% 
of the total estimated biomass in the James River 
nursery zone in 1974, 63% in 1975 and 40% in 1976. 
4. The James River yielded 45 species, with the mesohaline 
regime exhibiting the greatest diversity. 
5. Turkey Island and Jones Neck oxbows are highly 
productive both in terms of fish abundance and biomass. 
6. The York River system produced 39 species during the 
three-year investigation. 
7. The Rappahannock River yielded 35 species during the 
surveys,with white perch representing the greatest 
biomass across all salinity regimes. 
8. Twenty-two specimens of blue catfish, a species 
introduced by the Virginia Commission of Game and 
Inland Fisheries, were collected during investigations 
in the Rappahannock River. 
9. The catch-per-unit-of-effort and weight-per-trawl for 
blueback and alewife was larger in the Rappahannock 
River than any other river. 
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10. The lowest species diversity encountered was 29 
species in the Potomac River where white perch 
dominated the collections in all salinity regimes. 
11. The Rappahannock River contributed 60% of alosine 
fish collected, the York River 21% and the James and 
Potomac rivers 15% and 4%, respectively. 
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Job 7. Resident Fishes of the Nursery Zone 
Alosine Competitors and Predators 
Alosine fishes are subjected to competition and 
predation from egg to the juvenile stage during their 
inhabitance of the nursery zone. Both predation and 
competition contribute to natural mortality and thus play 
a role in control of population size. 
Davis et al. (1972) and Po Jrnan et al. (1973) 
concluded that the major competitors were bay anchovy 
(Anchoa mitchilli), Atlantic menhaden (Brevoortia tryannus), 
gizzard shad (Dorosoma cepedianum), threadfin shad (Dorosorna 
petenense) and freshwater minnows and shiners (Cyprinids). 
Van Engel and Joseph (1968) and Hoagman et al. (1973) 
suggested that competition may not be detrimental to larval 
and juvenile fishes unless one species is feeding to the 
exclusion of another. 
Predators such as white perch (Morone americana), 
white catfish (Ictalurus catus), channel catfish (Ictalurus 
punctatus), brown bullhead, (Ictalurus nebulosus), American 
eel (Anguilla rostrata), striped bass (Morone saxatilis), 
longnose gar (Lepisosteus osseus), sunfishes (Centrarchids), 
pickerels (Esocids), and temperate basses (Percids) actively 
prey upon alosine fishes at some life stage (Davis et al., 
1972; and Hoagman et al., 1973). Definition of predator and 
prey interactions requires estimates of predator populations 
(Hoagman et al., 1973). Yet, predator populations must far 
exceed the available food source to represent a potentially 
148 
major source of mortality for the prey species (Van Engel 
and Joseph, 1968). 
Monitoring programs, which assess standing populations 
of alosine predators and competitors, afford the capabili-
ties of predicting the effect of a predator or competitor 
on a given alosine population once the true relationship 
between predators-competitors and alosine fish populations 
is understood. 
Data presented herein represent the populations of 
all fishes encountered in the alosine nursery areas and 
migration routes during the winters of 1974, 1975, and 
1976 (Figure 7.1). 
All surveys were conducted aboard the R/V Langley 
during the months of January and February of 1974, 1975, 
and 1976. Each trawl was 0.25 nautical mile in length 
measured by the vessel 1 s radar, and towed at 235 rpm inde-
pendent of current. 
In 1974 trawls were taken beginning at the mouth of 
each river and continuing upstream to the head of 
navigation 4 per 5-mile river section, spaced 1.25 miles 
apart. The format for station placement in 1975 and 1976 
was modified to a randomly placed 0.25 mile station within 
each 1.25 mile segment. All stations in all years were 
made at the greatest river depth available. 
All tows were made with a 30 ft semi-balloon otter 
trawl utilizing 2 ft x 4 ft wooden trawl doors and a 30 ft 
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(each leg) bridle attached to a single warp. The main 
body of the net is made of 1.5 inch stretch mesh netting 
and 1.25 inch mesh netting in the cod end, which is lined 
0.5 inch stretch mesh netting. 
Hydrographic data were taken at each trawl station 
in 1974. This effort was reduced to a single station at 
five-mile increments in 1975 and 1976. 
Length, total weight, and total count by species 
were recorded for each station. The data were then pooled 
by salinity regime ( freshwater = < 0. 5 %0, oligohaline = 0. 5-
5. 0 %o, mesohaline = 5.1-18.0%", polyhaline = 18.1-30.0/4<", 
marine >30.0.%o) by river by year. Table 7.1 gives salinity 
regimes by approximate river mile, by river by year. 
All data were pooled by species, by salinity regime, 
by river, by year and a catch-per-unit-of-effort (c/f) 
obtained by dividing the total catch by the number of 
trawls per salinity regime. Average weight per trawl (w/f) 
was obtained by dividing the total weight of a species in 
a salinity regime by the number of trawls in which that 




The James River collections yielded 45 fish species 
during the three-year investigation of the resident predators 
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and competitors of alosines. Mesohaline fishes represented 
the greatest diversity with 28 species, freshwater second 
with 26, polyhaline third with 23 and oligohaline least 
with 19 species. 
Fresh Water 
Of the freshwater species collected, the channel 
catfish, a predator, ranked first in numbers captured and 
c/f with spottail shiner (Notropis hudsonius), a competitor, 
second (Table 7.2). Channel catfish contributed 60% of the 
total number of fishes taken in fresh water; spottail shiner 
14%;and white catfish,which ranked third,contributing 10%. 
Channel catfish also ranked first in total weight captured 
but were second to carp (Cyprinus carpio) in w/f. 
The greatest c/f of channel catfish occurred in 1975 
and the lowest in 1976, while the greatest w/f occurred in 
1974 and the lowest in 1975. 
Oligohaline 
The species occurrence in the oligohaline regime was 
similar to that of freshwater in some respects; however, it 
appeared more sporadic and less stable. Only five species 
were captured in the oligohaline regime in all three years 
of investigation compared to 12 for fresh water. Channel 
catfish ranked first in total weight with hogchoker second. 
Mesohaline 
The mesohaline regime was the most stable salinity 
regime in the James River in terms of species diversity. 
Fifteen of the 28 species were captured in all three years. 
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No one species was taken in every salinity regime in 
every year although some species occurred in all salinity 
regimes, most notably croaker, blueback, American shad, 
American eel, hogchoker, bay anchovy and threadfin shad. 
Turkey Island and Jones Neck Oxbows 
Turkey Island and Jones Neck oxbows are highly 
productive areas both in terms of numbers of fish and biomass 
(Hoagman and Kriete, 197 4 1 • J. u..rJ (:.y Island Oxbow yielded 
18 species while Jones Nack Oxbow collections contained 19. 
The ichthyofauna in both oxhows was dominated in c/f 
by competitor species and w/f by predators. Spottail 
shiner ranked first inc/fin both oxbows and brown bullhead 
ranked first in w/f in Turkey Island Oxbow; carp ranked 
first in w/f in Jones Neck Oxbow. Turkey Island Oxbow 
collections contained the greatest number of individuals 
and the higher c/f while Jones Neck Oxbow contained the 
greater biomass (Tables 7.3 and 7.4). 
York River 
Collections in the York River proper and its major 
tributaries (Pamunkey and Mattaponi rivers) yielded 39 
species during the 1974-1976 winter surveys. Twenty-nine 
species were recorded in the York River, 22 in the Pamunkey 
and 18 in the Mattaponi River. 
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Atlantic croaker (Micropogon undulatus) ranked first 
in total numbers and total weight captured. Bay anchovy 
and Atlantic menhaden ranked second and third, respectively, 
in numbers and c/f. 
High catch variability between years for any given 
species may be related to temperature as well as natural 
population fluctuations. Sciaenids typically leave the 
estuaries with the onset of colder winter temperatures, thus 
their presence in our trawl catches may indicate warmer than 
usual winter water temperatures. 
Few resident predators were taken in the mesohaline 
regime,yet competitors were numerous. Atlantic menhaden, 
Atlantic silverside (Menidia menidia) and bay anchovy appear 
in relatively large numbers in catches. Anchovy declined 
in relative abundance from 1974 to 1976. 
Polyhaline 
Catches in the polyhaline regime exhibited a high 
degree of variability due to an influx of marine species. 
These species contribute little to the predator-competitor 
relationship with alosine fishes but do contribute to the 
total number of species. 
Atlantic croaker ranked first, bay anchovy second 
and menhaden third in numbers captured and c/f while 
menhaden ranked first and spot (Leiostomus xanthurus) 
second in weight and w/f. 
Fresh Water 
Fresh water in the York River system is restricted 
to the Pamunkey and Mattaponi rivers. Hogchokers 
(Trinectes maculatus) ranked first inc/fin fresh water 
in the Mattaponi and second in w/f (Table 7.5). White 
catfish ranked second in c/f yet first in weight. Hogchokers 
ranked first in c/f and w/f in the Pamunkey River with white 
catfish second. White perch T"lnk~d third in c/f and w/f in 
both rivers. All three species prey upon some life stage 
of alosine fishes. 
Oligohaline 
Data in the oligohaline regime of the Pamunkey and 
Mattaponi rivers includes trawls from the years 1974 and 
1976. Both rivers appeared similar in species composition 
but- the Mattaponi had the greater number of incidental 
(c/f <0.5) species. White perch, white catfish and hogchoker 
constituted 94% of the number of specimens and 98% of the 
biomass in the oligohaline segment of the rivers. No 
trawls were made in the oligohaline section of the Pamunkey 
and Mattaponi rivers in the 1975 winter survey. 
Mesohaline 
Of these rivers, mesohaline conditions occurred only 
in the Pamunkey River in 1974. Atlantic croaker ranked 
first in c/f but only seventh in w/f, indicating their 
:1· 
small size. White catfish and white perch ranked second and 
third in c/f but first and second in w/f, respectively. 
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Oligohaline 
Salinity data indicated that the oligohaline regime 
was displaced downriver into the York River in 1975 as 
opposed to being restricted to the Pamunkey and Mattaponi 
rivers in 1974 and 1976 (Table 7.1). Croaker contributed 
the greatest number of specimens but white catfish 
dominated the biomass in the York River oligohaline regime. 
Mesohaline 
The mesohaline regime contained the bulk of the species 
captured in the survey of the York system (27 species). Most 
species exhibit a high degree of variation between years 
indicating natural fluctuations in populations or the "luck 
of the draw" in sampling. Some species such as white perch 
and hogchoker exhibit a steady decline in density with 
years. Spot appear to be declining but since it is truly 
migratory species the data may only reflect a reaction of 
spot to water temperatures and not reflect true abundance. 
Predator species, white perch and white catfish, 
ranked first and second in w/f while Atlantic croaker, a 
migratory species ranked first in c/f. 
Many species were represented by a single specimen in 
the mesohaline regime; this may be due to net avoidance by 
the fish or low abundance. 
Polyhaline 
Polyhaline regime conditions in the York River 
occurred only two years, 1974 and 1975. Bay anchovy 
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ranked first in c/f and menhaden ranked first in w/f, 
both are alosine fish competitors. Twelve of the 19 
species taken in 1974 and 1976 were collected both years. 
Several species such as menhaden, hogchoker and bay anchovy 
exhibit high variability between years. 
No one species was captured in all salinity regimes in 
all years although severa.l species, notably the white 
perch and alewife (Alosa ps0pc'1--,ha1.engus), were taken in 
all salinity regimes. 
Rappahannock River 
Collections in the Rappahannock River yielded 35 
species, 10 less than the James River and four less than 
the York River system. The mesohaline zone exhibited 
the greatest diversity with 25 species and the freshwater 
and oligohaline regimes yielded 20 and 19 species, 
respectively. White perch represented the greatest biomass 
across all salinity regimes and is an alosine predator. 
Fresh Water 
White perch, white catfish and channel catfish 
prey upon juvenile alosine fishes and appear to have the 
most stable populations in the freshwater regime. White 
perch ranked first in c/f while white catfish ranked 
first in w/f (Table 7.6). Spottail shiner, brown bullhead 
and hogchoker appear in decreasing numbers from 1974 to 
1976, but again, the data must be interpreted with caution. 
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The undefined impact of relatively warm water temperatures 
during the survey and underlying fluctuations both affect 
the data set in natural populations. 
Twenty-two specimens of blue catfish (Ictalurus 
furcatus) were captured in fresh water, 19 in 1975 and 
three in 1976. This species was introduced into the 
Rappahannock River by the Virginia Commission of Game and 
Inland Fisheries. In 1974, 37,500 fish 5-6 inches total 
length (T.,L.) and 42,000 fish 3-6 inches T.L. in 1975 were 
stocked in four locations, Rappahannock, Port Royal, 
Rappahannock Academy and Fredericksburg (J. McHugh, Virginia 
Commission of Game and Inland Fisheries, personal communica-
tion). Survival seemed to be good on the basis of our trawl 
data but the overall effects on the ecosystem must be judged 
in future investigations. 
Oligohaline 
White perch and hogchoker dominated the ichthyofauna 
in the oligohaline regime, 59% and 28% of the number of 
specimens collected, respectively. Together they also 
accounted for 83% of the total weight collected. Many 
species were represented by a c/f of< 1 in one or more 
years indicating low populations of that species or 
possibly the movement of fishes to shoal waters resulting 
from warm water temperatures. 
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Jlllesohaline 
The species composition of the mesohaline regime was 
dominated by white perch, menhaden, blueback (Alosa 
aestivalis) and alewife. White p 12.rch and menhaden ranked 
first and second,respectively, in c/f and w/f. The c/f and 
w/f was far greater for blueback and alewife in the 
Rappahannock River than any other river investigated. 
While the c/f of alewifE, c'l8cJ j nee, from 1974 to 1976, the 
c/f of blueback increased during the same period. 
Population stability, as indicated by the number of 
species repeated in all three years of investigation, is 
restricted to the freshwater and mesohaline regimes. 
White perch, gizzard shad and hogchoker were the only 
three species to occur across all salinity regimes across 
years. 
In addition to the reduction in number of species in 
the Rappahannock River relative to the James and York 
rivers there was also a reduction in the number of marine 
species. This species count declines in the rivers from 
south to north starting at the mouth of the Chesapeake 
Bay. This is attributed to the influence of the ocean 
and presence of juveniles of marine species. 
Potomac River 
Collections in the Potomac River yielded 29 species in 
the 1974-1976 investigations; this was the lowest species 
diversity of the rivers sampled. The freshwater regime 
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contributed 17, oligohaline 16 and mesohaline 16 species 
but species composition varied from regime to regime. 
The river from mile 25 on to mile 45 was not sampled since 
it is the firing range for the Naval Surface Weapons Center 1 
Dahlgren Laboratory at Dahlgren, Virginia. 
Fresh Water 
The freshwater collections were dominated by white 
perch and brown bullhead, accountin9 for 95% of the numbers 
of specimens collected (Table 7.7). Brown bullhead and 
gizzard shad exhibited a decline in c/f from 1974 to 1976 
while white perch increased during the same period. Of the 
species collected in all three years, brown bullhead 
ranked first in c/f and white perch ranked second. No 
alosine fishes were collected in fresh water. 
Oligohaline 
The ichthyofauna of the oligohaline regime in the 
Potomac River was dominated by white perch, a predator, and 
gizzard shad, a competitor. Nine of the 16 species 
collected had a c/f of 0.5 or less per year indicating 
small to insignificant populations of these species in deep 
water during the time of trawling. Even thouqh white perch 
and gizzard shad dominated the oligohaline fishes, c/f of 
each species fluctuated greatly from year to year. 
Mesohaline 
The mesohaline regime collections were similar in 
number of species to those from the olignhc:t1ine rr2-,.iime r 
but varied greatly in species composition compared to those 
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from the oligohaline regime. White perch ranked first in 
c/f with croaker ranking second and bay anchovy third. 
White perch also had the greatest w/f and striped bass was 
second. 
Estimated biomass of non-migratory species in the fresh-
water nursery zone 
The estimated biomass of non-migratory species in the 
freshwater nursery zone declined in each river from 1974 
to 1976 except the Pamunkey River in 1975 in which an 
increase occurred (Table 7.8). The estimated biomass 
declined 48% in the James River (mainstream plus oxbows) 
from 1974 to 1976. Turkey Island and Jones Neck oxbows 
contributed 45% of the estimated biomass in the James 
River nursery zone in 1974, 63% in 1975 and 40% in 1976. 
The estimated biomass in the Mattaponi River declined 67% 
from 1974 to 1976 while the Pamunkey River estimated 
biomass increased from 1974 to 1975 and then declined from 
1975 to 1976. The estimated biomass in the Rappahannock 
and Potomac rivers declined 59% and 49%,respectively, from 
1974 to 1976. 
Although most river systems did exhibit a decline in 
estimated biomass, these declines must be regarded with 
caution for the above-mentioned reasons. 
Non-resident species, such as croaker, may be 
considered competitor species since they occupy the same 
habitat as alosine species during the cold winter months, 
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i.e., deeper portions of the river. Croaker dominated 
the mesohaline collections in the James River and 
oligohaline in the York River. 
Comparisons between rivers are invalid because 
salinity regimes vary in area from river to river and 
the areas may vary from year to year in the same river. 
Generalized comparisons may be made by inspection of 
Tables 7.2, 7.5-7.7. 
Overwintering populations of alosine fishes 
Overwintering populations of juvenile alosine fishes 
were present in all systems surveyed although population 
varied greatly from river to river. 
The Rappahannock River contributed 60% of the alosine 
fishes collected in all rivers in all years. Of those 
collected in the Rappahannock River, 99% were collected 
in the mesohaline regime. The York River system ranked 
second with 21% of the total alosines collected followed 
by the James and Potomac with 15% and 4%, respectively. 
Population estimates were based on area greater than 
18 ft in each river. That is: 
EP = (A/A1 ) (c/f) 
where A= area of depths greater than 18 ft (outlined by 
18 ft line on nautical charts); A1 = area swept by a 
single trawl; c/f = catch-per-trawl; and EP = estimated 
population. Areas of depths greater than 18 ft were 
determined by the use of a planimeter. Area swept by a 
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single trawl was determined as 1727m2 by Hoagman (Hoagman 
and Kriete, 1975). The c/f was determined by dividing 
the number of specimens of a species collected per year 
by the number of trawls that year for each river system. 
In some cases overwintering population estimates 
are larger than fall population estimates. The difference 
may be attributed to sampling error, "luck of the draw" 
or the method in which the estimates were calculated; none 
of which is infallible. 
The Rappahannock River contained the largest estimated 
population of alosines during the winter investigations 
owing to relatively large catches of alewife in 1974 and 
blueback in 1976. A comparison of fall estimates from 
Table 3.7 and winter estimates from 7.8 (i.e., 1973 fall 
estimates compared to 1974 winter estimates) gives some 
indication of the percentage of the overwintering juveniles. 
Except for the fall 1975 and winter 1976 estimates, 
there is little or no correlation between fall estimates 
and the overwintering estimates of juvenile alosine fishes. 
Blueback comprise over 90% of the alosine juvenile 
population in 1973, 1974, and 1975 in the fall collections 
while species composition varied from year to year in 
winter collections. 
This variability in the winter collections suggests 
error in sampling resulting from warm winter temp~ratures 
or possibly "luck of the draw" in sampling. Changes in 
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sampling methods such as going to a randomized stratified 
sampling scheme in the future, may result in more accurate 
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Preface for Tables 7.2-7.7 
The winter survey trawl data for 1974-1976 by river 
and salinity regime are given in Tables 7.2, 7.5-7.7. 
Data for the James River oxbows are presented in Tables 
7.3 and 7.4. Data are computer printouts except Tables 












= Species code number. A key to Species 
Code numbers is given in Appendix II. 
= The year the data were taken. 
= The total number of a given species 
collected in that year in that salinity 
regime. 
= Catch~per-unit-of-effort (c/f). 
= Total weight (g) of that species in 
that salinity regime. 
= Weight-per-trawl (w/f). 
= (Column 1) Number of times a given 
species was collected in that salinity 
regime in that year. 
(Column 2) Total number of trawls in 
that salinity regime in that year. 
= Variance of CPT. 
= Standard deviation of CPT. 
= Variance of WPT. 
= Standard deviation of WPT. 
167 
Total numbers and weights for the three-year investigation 
are givep for each species by salinity regime in Tables 
7.2, 7.5~7.7 and for oxbows in Tables 7.3 and 7.4. 
Spe~ies 141 in the Mattaponi freshwater regime in 
1974 (Taple 7.5) was incorrectly identified and should 
be added to species 89. 
"' 
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Table 7.2. (continued) 
ALOSA TRAWL DATA 
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314 76 13 0.32 222 111.00 2 41 
TOTALS 13 0.32 222 Ul,00 2 41 
995 76 ® 11 0,27 11211-- ld8.ll 6 41 O.!>O 0.11 30324.17 174.14 JOTALS 11 0.21 1129 Hlll. l 7 6 41 
119tl lb 0 o.oo 0 o.oo 1 41 -
lU.U5A 'f~ OA J A 
IUVER=JA SALl"]n'=ill..J GOHAUJIE o., - :i..0 
SPECIES YEAR I\IVl'ltlER CPl cWElGHJ ti!Pl JRAWU. Cl'T \JAR en srn WPT VAR WP! STD 
003 '1'5 l 0.33 10 .l0.00 1 3 
TOTALS 1 0.33 lO 10.00 1 3 
005 74 211 211.00 260 200.00 l 1 
005 75 ·10 3'.:n 15 1.50 2 3 
005 u, 4 0.44 2 1.00 2 9 
TOTALS 225 11. 31 211 55.40 5 13 
026 76 1 O.ll l 1.00 l 9 
TOTALS l 0.11 1 1:00 l ., 
021 1:, 3 1. 00 20 U}.00 2 3 
021 76 U6 15.11 321 40. (HJ 8 9 29i:l.6l 11.28 1a.2i 
TOTALS H9 11.51:l 347 34.7v 10 lL 
030 7o l u.u 1 1.00 l 9 
TOTALS l o.u l 1.uu l ',i 
032 15 2 o.&1 u,o 5U.OO 2 3 
032 76 25 2.18 42l 60.29 7 9 5.4-'t 33 1>4.81 
TOTALS 2l 2.25 522 j8.00 <, 12 
033 74 l 1.00 20 20.00 1 1 
HJTALS 1 1.00 20 20.uo l. A 
037 74 2 2.00 20 20.00 l l 
TOTALS 2 2.00 20 zu.oo l l 
1--' 
039 14 2 2.00 220 22u.1.Hl .1 l -..J 
039 15 lb 5. 3J j!)5 l Zb .L 5 '" .3 , .• Jl3 1. 5.:l l. 9956®25 141.27 0 03'J 1b 61:l 7. s;, jjQQ 83 • .:l.:> 1, 'i !15.ld lu./6 819!.07 90.50 
TOTALS 86 6.b2 1225 111.::k. n u 
040 ..,,. 5 5.00 300 .;uo.oo l l 
040 75 (> 1. 33 470 156 .b I j 3 o •. n 0.51:l 4233.34 b5.0b 
040 1b 2:H .lo.Ou L0339 2"105.51 1 'ii Ju'>1.0u 55.24 32561056. OtJ 5706.15 
TOT!ALS 243 l 1:1.6'1 ll lll'ol 1919.tlO u 13 
051 Pt l 1.00 50 50.00 l l 
051 75 l 0.33 It(,) 40.00 l 3 
051 'lb d 0.89 ;l03 b1.b1 j 9 l»l1b 1 • .3,. .20b0.3!t ~S.39 
TOTALS 10 u.77 29:J Si:.1.6.U 5 1.3 
060 i'S ii 2.67 490 49D.OO l 3 
060 16 u 1.22 120 .{tl).OO 3 ·9 5.69 2.39 lt>00.00 .o.oo 
rorAt.s . :i.>J 1.58 olO 152.50 ,.. u 
100 ?b 1 o.u l 1.00 cl 9 
TOTALS l 0,.11 l 1.00 l 9 
103 74 3'92.00 .no :uo.oo l l 
103 15 2 0.67 5 5.00 1 j 
TOTALS 394 9.li.50 315 151.50 2 '4 
110 16 l o.u l 1.ov l 9 
--
Table 7.2. (continued) 
ALOSA TRAWL DATA 
RI VEl{=JA SALINITY=OLI~OHALINE 
SPECIES YEAR NUMBER CPT WEIGHT 
TOTALS 1 0.11 l 
144 76 9 1.00 5 
TOTALS 9 i.oo 5 
150 76 2 0.22 4 
TOTALS 2 0.22 4 
151 74 20 20.00 660 
151 75 4 1.33 1?0 
151 76 30 3.33 1332 
TOTALS 54 4.15 .:'.142 
275 75 109 36.33 lUlU 
275 76 6 u. !J9 5o 




0.5 - 7.:;.o 
WPT ntAWLS 
1.00 1 9 
1.67 3 9 
1~67 3 9 
4.00 l 9 
4.00 1 9 
660.00 1 l 
150.00 l 3 
.222.00 b ,; 
267. 7 5 tl 13 
252.SU 4 3 
lll.67 3 9 
152.29 1 12 




















!HVER=JA Sill INH'1~14ESlll-lAU NI: s. - rn.o 
SPECIES VEAR NUMBER CPT WEIGHT WPT lRAWLS CPT \/Afl CPT STD WPT \lt.R WPT STD 
003 74 289 20.64 43\10 365.<:J3 12 14 3'H. 02 l'J.77 67826.56 260.44 
003 75 95 5.59 22o0 226.00 10 11 !U.i.l] 10.16 67093 • .il 2:i9.02 
003 7o t, 0.60 218 54. ',Q 4 lU 0.71 O.ll4 1459.00 38.20 
TOTAL'., _:190 9.5l 0868 2 6lt,,, l 26 41 
005 1781 556.21 213llli 19'>5. 71 14 i.4 6li9b6D. 25 ,d0.46 9493242.00 3081.11 
005 75 1192 70. 12 26tl5 179.00 15 11 ll:,'Jl.99 107.67 ';:'3972. l't 232.32 
00:> 76 23"2 234.20 729 7<:'..90 l() 10 LU682U.3d 454.7tl .clZob.32 145.83 
TOTALS 1U2l Zfo.12 30794 7tJ9.:>9 39 41 
026 14 «n 15. 93 2'<:>0 ,!_0<;.17 lL l<; ,!.44. 07 15.bZ 10226.52 135.01 
026 75 13 o.76 410 lUZ.50 4 11 2.44 1.50 lo\l1.o7 43'.49 
026 76 228 22.so 1081 l v8. 0 10 IJ 901.29 30.02 .!.4o)2. 77 156.95 
TOTALS <to4 11.32 .:i94l 151. 5 tJ 26 4 
027 74 11 o. 79 21U 42.0IJ 5 14 L12 1. 31 14 7U. v0 3i>.34 
027 7 ':, 10 0.5'1 tt5:J 62-. 1 t7 0.6.:1 ().60 :i34<>. o l 13.14 
021 76 23 2.30 56 o.00 " 10 l 3., 7 ':J 3. 71 1,J. 00 • il.31 TOT AL S 44 1.01 o,H -'I. 83 l 8 41 
028 74 2 0.14 50 25.00 2 14 
TOTALS 2 0.14 50 25.00 2 i4 
030 74 29 2.U7 120 ·;o .uv 8 l'> 6. U7 ,:.4<., 3971 .43 03.02 
030 75 l.l 0.1,5 lbO 30.00 6 17 l.H 1.11 ..:l.!.O.VO 17.89 
030 76 4 0.40 7b L5.:!3 :; 10 u.'>\l u .. 10 1200.33 34.65 
TOTALS 44 l.()7 9lb 57.41 l7 41 1--' 
-J 
031 76 1 O. lO <'.5 <'.5.00 ! 10 N 
TOTALS 1 0.10 25 25.0\J l 10 
0.:12 14 3 0.21 .l:>O 75.00 2 l<t 
032 76 7 0.70 65 32.50 l 10 
TOTALS 10 u.4L L15 ?3. 75 4 24 
033 74 353 25.21 43'15 33t!.Utl l3 14 4lti.03 20.69 62439.ol 249.8!! 
033 15 78 4.'>9 ldbU 186.00 10 l7 103. lb 10.19 56337.7tl 231.36 
TOTALS 431 13.% bl~:, ZH.96 23 31 
037 74 585 41.79 '1616 o!lo.86 14 14 1077c.49 ll)3.81 320li657.00 1791.27 
037 75 747 43.94 lllV50 11 7. d6 14 11 <:ltl4ti.ol 94.07 2072356.00 1439.~7 
037 76 ,, 0.40 20 1v.oo 2 lv 
TOTALS l.H6 32.'>9 l\l6tl6 656.20 30 41 
039 75 4 0.24 250 125.00 2 17 
TOTALS 4 0.24 250 125.00 z 17 
040 74 3 0.21 290 290. 00 l 1'• 
040 75 l 0.12 'JOO 45u.oo 2 17 
TOTALS 5 0.16 1190 3%.67 3 31 
051 74 ll o.79 460 76.&7 b 1. 1.10 1.05 20.lt,.67 45.02 
051 75 2 0.12 40 40.00 l 17 
051 76 3 0.30 95 31-67 3 10 0.23 o. <t8 608.33 2'•obb 
TOTALS 16 0.39 595 59.50 10 41 
-
Table 7.2. (continued) 
ALOSA TRAWL DATA 
RIVER=JA SALINITV:MESIDIALINE 5.1 - 18.0 
SPECIES VEAR NUMBER CPT WEIGHT lilPT TRAWLS CPT VAR CPT STD WPT VAR WPT STD 
058 74 1 0.01 20 20.00 l Ht 
TOTALS 1 0.01 20 20.00 l 14 
ObO 74 43 3.07 1160 lb5. 71 7 14 3<J.9l b.32 44861.91 211.81 
ObO 75 14 0.82 1200 400.00 3 17 It. 90 2.21 27'>900.00 5.24.31 
1)60 76 2 0.20 674 337.00 2 10 
TOTALS 59 l. 4'> 3034 252.,n 12 41 
070 74 176 12.57 1390 126.3b 11 14 169. 9o 13.0'o 10720.46 103.5/w 
070 75 78 4.59 740 74.00 10 17 45.76 6.76 4360.00 66.03 
TOTALS 254 a. l 9 2130 101.43 21 31 
100 74 l 0.01 10 10.00 l 14 
TOTALS 1 0.07 10 1u.oo 1 14 
lil3 74 1334 95.29 1785 1n.sv 11. 14 7l9l. 30 1!5.39 ll<t95.19 101.22 
103 75 t,94 4U.82 1245 otJ.93 14 17 2493.03 41,1.93 <l:iil0.69 92.20 
lOJ 76 28 2.uo 38 7 .60 , 10 19. S l 4.42 217.80 l4.7i, 
TOTALS 2056 50.15 30bd 9;;_.97· 33 41 
131 74 1 0.01 5 5.00 l 14 
131 75 3 l.l. l ti 25 12. :;o 2 17 
131 7t, 14 1.40 13 4 •. H j 10 9~il2 :,, 13 24.33 4.93 
TOTALS 18 0.4't 43 7. l 7 0 41 
144 74 l 0.01 5 5.00 l 14 
144 75 l 0.06 5 s •. oo l 17 
144 76 6 o.&o 3 1.00 .3 11.l I-' TOTALS 8 o.zu u 2.60 5 41 -..J 
146 74 l 0.01 5 5.oo l 14 w 
TOTALS l 0.07 5 5.00 l 14 
147 75 l J. Ob 30 31.l.Ul.l l 17 
TOTALS l 0.06 JO ~u.uo l 17 
150 74 4 0.29 45 15.00 3 14 l.l.37 O.b 1 75.00 a.·1»6 
i50 75 1017 59.82 10190 92&. 3b 11 17 31 72<t.2tJ l 7il. 11 527174'>.01.l 2290.03 
150 7b 36 3.60 bl 7 .63 ti 10 l'1..i8 4.40 1>7.9tl 8.25 
TOTALS 1057 25. 78 1029b 4btl.OU 22 41 
151 7'> 258 ltJ.43 9060 lvOb.&7 -J 14 ltll.ll. • 2b 42.lt5 Zb!>'tl24.00 16.:9.15 
151 75 23 1. 35 lObO 265.00 4 l7 l.l.l.99 4.58 l487UO.OO .385.b2 
\.. 151 1b 19 l.90 782. 97. 7 'j tl 10 :,.&b z •. Hl 14003.•H 118.bll 
TOTALS 300 7.32 109U2 51 ':l. 14 21 41 
152 74 9 0.64 15 5.00 3 14 
TOTALS 9 O,b4 15 s.oo .3 l4 
154 14 4 0.29 2tt5 95.00 3 14 o • .n O.bl 1.11175.00 134. 81 
154 75 2 0.12 320 lb0.00 2 l7 
154 76 l 0.10 920 92.0.00 l 10 
~}:,· TOTALS 7 0.11 1525 254.11 b 41 




ALOSA TRAWL DATA 
RJ I/ER= JA SAl!NJJV=MESOHAL1NE 
SPECIES VEAR fliUMSER CPT ilflGHT 
TOTALS l o. 07 :, 
275 74 12 0.8b 195 
275 75 62 3.65 5b5 
275 76 l1 1.10 '>4 
TOTALS B5 2.01 1'J4 
991:! 14 u o.oo 0 
TOT AL S 0 o. 00 0 
5 • .1. - 18.0 
WPT iRAWlS 
5.00 l 14 
27 .81> 7 l't 
10.03 <I 17 
l:!.:>O 4 10 
H.79 19 41 
o.oo l 14 





















Table 7.2. (continued) 
ALOSA TRAWL DATA 
RIVER=Jt\ SALINITY=POLYHALJNE 111.l - 30.0 
SPECIES YEAR NUMBER CPT WEIGHT HPT TRAWLS CPT VA;{. CPT STD WPJ VAR WPT STD 
002 76 l 0.14 100 100.00 1 1 
TOTALS 1 0.14 100 100.00 l 7 
003 74 19 4.75 3.bO 180.00 2 4 
003 75 49 lb.33 1620 540.00 3 3 ll.33 2.89 4'>'>00.00 210.11 
003 76 1 0.14 55 55.00 l 7 
TOTALS b9 4.93 20::15 339.17 6 14 
005 74 408 102.00 1350 337,50 4 4 1334'>. b6 115.52 141<t75.00 38't • .02 
OOet 75 63 21.00 230 fo.67 3 3 22.:1.00 14.93 1233.34 35.12 
005 76 181'7 266. 71 ltl!:>3 L64.7l 7 J 'JLtHo.69 304.76 236074.06 '>85.87 
TOTALS 2::138 167.00 3ft33 l4!:> .21 14 14 
OZ6 74 92 23.00 1090 272.50 4 4 390. 6 f 19.77 4995il.33 223.51 
026 1b 19 2. 71 230 38.33 6 { 5. 90 2.43 845.07 29.07 
TOTALS 111 10.09 1320 uz.ou lu 11 
027 75 1 o.33 5 5.00 l 3 
027 76 20 2.db 12 2.00 6 l lo.dl ... 10 l.60 1.2.b 
TOTALS 21 L.10 17 l. .43 7 10 
030 74 5 1. 25 120 't0.00 3 4 o.n O,t9b 300.00 17.32 
030 75 l 0.33 20 20.uo l 3 
JJO 7b 4 ll.57 45 15.00 3 7 0.6,!. 'J.79 259.0ll 16.09 
TOTALS 10 u. 71 lb5 L6.43 7 14 
033 74 248 62.00 <tltl\l 1045.0\l 4 4 4't38.66 6n.62 lb4b.l33. 00 l28l.4L 
033 75 & 2.67 20() 100.00 2 .:I f-...1 
033 lb 2 0.29 60 bO.Ull l 7 -...J 
TOTALS 25!l ld.'t3 4440 6J4.29 7 14 u, 
037 74 11 2.75 2u0 100.00 2 -4 
037 75 207 69.00 £570 1L85.UO 2 3 
037 76 398 56.<S6 lH43 i39U.5\l 0 I 16723.14 12.\1.32 1475208',.1)0 3841).84 
TOTALS 616 44.00 l lll3 1711.:>U l ll 14 
055 75 1 0.33 Hu 110.00 l j 
TOTALS 1 0.33 17() 170.UO l j 
060 lb l 0.14 50 so.au 1 7 
TOTALS 1 0.14 50 50.UO 1 1 
070 74 12 3.00 120 bU.ilO 2 ft 
(_ 070 75 21 1.00 15\l 5u.uo 3 3 31.U\l 5.57 uuo.ou 3&.06 
TOTALS 33 4. 71 270 :,4.00 5 1 
(_ .. 071 75 1 0.33 5 5.00 l 3 
TOTALS 1 0.33 5 s.oo l j 
103 7ft 1,.62 365.Sil 2250 562 .so 4 4 l02Ml'I.OO ]20.47 242b9l.63 492.64 
103 75 323 107.67 4t10 160.00 3 3 521. 7. 3't 72.23 7900.00 88.llll 
103 76 156 22.29 134 l.2.H b 1 lb5U.57 40.b3 1342.27 3bob't 
TOTALS 
,_ 
1941 l.:Hl.b't 2tl64 UCi.31 l3 14 -131 76 10 1.43 37 7.40 5 7 2.95 1.12 79od0 8.93 
ALOSA TRAWL BATA 
KlVER=JA SAliNJTY=Prn..WHALINE Hi.! - 30.0 
SPECIES YEAR NUMBER CPT WElGHI Wf'l TRAWL:. LPT VAR CPl STD nPT \/AR STD 
TOT AL S 10 1. 43 37 l .40 5 1 
144 1b 4 0.57 3 l. 00 3 1 
TOTALS 4 0.5 7 j 1.00 3 7 
147 75 4 1.33 70 35.00 2 3 
147 76 4 0.57 75 37.50 z 1 
TOTALS 8 0.80 14'> 36.25 4 10 
150 74 4 1.00 40 20.00 2 4 
150 75 68 22.67 4l0 2 lO'~uO 2 3 
150 76 1~ z. 14 77 12. BJ 6 1 7.14 2.b7 261.:37 lb.ll 
TOTALS 87 6.21 537 '.>3. 70 10 14 
151 75 2 O.b7 10 1u.oo l ::; 
151 76 3 0.43 120 60.00 2 7 
TOTALS 5 0.50 190 63.33 3 10 
152 75 5 1.67 10 ':,. 0-0 2 3 
152 76 2 0.29 4 2.00 2 7 
TOTALS 7 o. 70 14 3.50 4 10 
154 I'> 8 2.67 1:HO 44c.o7 3 3 4. 3.> 2.08 3194.H.56 565.18 
TOTALS tl 2.67 1340 4'>6.67 3 j 
231 75 l 0.33 5 5.00 1 3 
TOTALS l 0.33 5 s.uo l .> 
236 76 l 0.14 2 2.00 l 7 f-J 
TOTALS l 0.14 2 2.00 1 7 -.j 
O'I 
275 7't 3 o. 75 30 15.-.l0 2 4 
Z15 7,; l 0.33 ; ,;.oo l l 
TOTALS 4 o. 57 35 ll.b7 3 7 
._( 
l 
--:_·_...., __ ~_ 
Table 7.3. James River trawl data, Turkey Isl-and Oxbow. 
RIVER= JA TURKEY ISLAND OXBOW 
SPECIES YEAR NUMBER CPT WEIGHT WPT TRA!:!1S CPT VAR, CPT STD, WPT VAR 1 !,tPT STD, 
027 74 188 62,67 430 140,00 3 3 2014.89 54.97 0.01 0.13 
027 75 l ,33 l 1.00 l 3 .22 ,57 
Totals 189 31.50 431 107. 75 4 £, 
032 74 16 5,33 420 140,00 3 3 22.89 5.86 0.02 .0.17 
032 75 21 7,00 400 130.00 3 3 14,00 4.58 0,01 o.oa 
032 76 72 24.00 1040 350,00 3 3 398,00 24.43 .0,09 .0.3Jj 
Totals 109 12,,11 1860 206,67 9 9 
039 75 1 0,33 20 20.00 l 3 0,22 o.58 
039 76 l 0,33 62 62,00 l 3 0,22 0,58 
Totals 2 0.33 82 41.00 2 6 
040 74 17 5,60 4680 2340,00 2 3 17.56 5. 13 
040 75 58 19,33 5600 1870,00 3 3 69,56 10.21 2,50 1,94 
040 76 10 3,33 2480 830,00 3 3 2,89 2,08 0,60 o.95 
Totals 85 9,44 12760 1595.00 8 9 
051 74 7 2.33 400 400,00 l 3 10.89 4,04 
051 75 4 1.33 200 100,00 2 3 o.89 1,15 
051 7b 30 10,00 1380 460,00 3 3 34,67 7.21 0.02 0,16 
Totals 41 4,56 1980 330,00 6 9 
052 74 1 0,33 920 920,00 l 3 0.22 o.58 
052 75 4 1,33 5150 5150.00 l 3 3,56 2,31 
052 76 4 1,33 1180 590,00 2 3 o.a9 1,15 I-' 
Totals 5 0,56 7250 1812,50 4 9 -i --:J 
081 . 74 2 0,67 40 20.00 2 3 0,22 0,58 
Totals 2 0,67 40 20.00 2 3 
089 74 32 10,67 130 40,00 3 3 60;20 9,50 0,00 0.02 
089 75 30 10,00 160 53.00 3 3 28,67 6,56 0,00 0,04 
089 76 81 27.00 260 87,00 3 3 32,67 7,00 o.ao 0,03 
Totals 143 15,89 550 61,11 9 9 
107 74 2 0,67 20 20,00 l 3 0,89 1,15 
107 75 12 4,00 260 260,00 l 3 32,00 6,93 
107 76 305 101,67 4760 1590,00 3 3 8242,89 111.19 2,02 1,74 
Totals 319 35,44 5040 1008,00 5 9 
108 74 222 74,00 5460 1820,00 3 3 2608,67 62,55 1,74 1,62 
108 75 36 12,00 1320 660,00 2 3 264,67 19,92 
108 76 108 36,00 2230 740,00 3 3 2048,67 55,43 0,76 1,07 
Totals ,. 366 40,67 9010 1126,25 8 9 
110 74 1834 611,33 10250 3420,00 3 3 441187,56 613,50 6,42 3,10 
110 75 866 288,67 6080 2030,00 3 3 64338,89 310,66 3,69 2,35 
110 76 607 202,33 3105 1035.00 3 3 25430,89 195,30 0,34 0,72 
Totals 3307 367.44 19430 2156,89 9 9 
8'11 -
Table 7. 3. (continued) 
SPECIES YEAR NUMBER CPT !jllGHT WPT TRAWLS CPT VAR, Ct\: STD, WPT~VAR. __ _filT__fil_Q, 
114 75 3 1,00 700 350,00 2 3 0,67 1,00 
114 76 1 0,33 260 260,00 1 3 0.22 0,58 
Totals 4 0,67 960 320.00 3 6 
116 74 96 32,00 10200 3400.00 3 3 952,67 37.80 9.74 3,82 
116 75 75 25,00 7060 2350,00 3 3 60,67 11,54 0,58 0,93 
116 76 27 9.00 2580 860.00 3 s 8,00 3.46 0.14 0.45 
Totals 198 22.00 19840 2204.44 9 9 
135 74 14 4,67 330 110.00 3 3 14.89 4.70 O.ll 0.01 
135 75 1 0,33 50 50,00 1 3 0.22 0,58 
Totals 15 2,50 380 95.00 4 6 
142 74 2 0,67 170 170,00 1 3 0,89 1.15 
Totals 2 0,67 170 170.00 1 3 
151 74 2 0,67 5 5.00 1 3 0,89 1.15' 
Totals 2 0,67 5 5,00 1 3 
275 74 7 2,33 60 30.00 2 3 4.22 2.52 
275 75 210 70,00 2010 670.00 3 3 2408,00 60.10 0,19 0,53 
Totals 217 36,17 2070 414.00 5 6 
330 76 2 0.67 117 58,50 2 3 0.22 0,58 





Table 7 . 4 . James River trawl data, Jones Neck Oxbow 
RIVER C JA JONES NECK OXBOW 
SPECIES YEAR N!m!}ER CPT WEIGHT WPT TRAWIS CPT VAR, gPT STD, HPT VAR, WPT STD, 
027 74 5 1,67 20 10,00 2 3 2.89 2,08 
Totals 5 1.67 20 10,00 2 3 
032 74 18 6.00 390 195,00 2 3 50,67 8,72 
032 75 26 8,67 540 180,00 3 3 32,89 7,02 0,02 0,16 
032 76 2 0,67 17 8,00 2 3 0.22 0,58 
Totals 46 5,11 947 135. 29 7 9 
039 74 1 0,33 60 60,00 1 3 0,22 0,58 
039 75 1 0,33 160 160.00 l 3 0,22 0,58 
039 76 2 0,67 2450 1225,00 2 3 0,22 0,58 
Totals 4 0,44 2670 667,50 4 9 
040 74 185 61.67 5760 1920,00 3 3 1246,89 43,25 1,24 1.36 
040 75 54 18.00 1730 580,00 3 3 278,00 20,42 0,12 0,43 
040 76 6 2.00 585 195,00 3 3 o,oo 0,00 0,01 0,12 
Totals 245 27.22 8075 897,22 9 9 
051 74 9 3.00 590 295,00 2 3 8,67 3,61 
051 75 6 2,00 1680 560,00 3 3 2,00 1,73 0,44 0,81 
051 76 7 2,33 415 208,00 2 3 2,89 2,08 
Totals 22 2.44 2685 335,63 7 9 
052 74 7 2,33 10190 5090,00 2 3 2,89 2,08 I-' 
052 75 43 14,33 67100 67100,00 1 3 -616,33 24,82 --..J 
052 76 3 1,00 3720 3720,00 1 3 2,00 1,73 I.O 
Totals 53 5,88 81010 20252,50 4 9 
084 75 4 1,33 3400 1700,00 2 3 0,89 1,15 
Totals 4 1,33 3400 1700,00 2 3 
089 74 19 6,33 60 20.00 3 3 38,20 7,57 0,01 0.02 
039 75 17 5,67 100 33.00 3 3 14,89 4,72 0,01 0,02 
089 76 11 3,67 23 12,00 2 3 14,89 4,73 
Totals 47 5.22 183 22,88 8 9 
107 75 9 3,00 160 160,00 1 3 0,18 4,24 
107 76 14 4,67 189 63,00 3 3 6,89 3,21 0,00 0,04 
Totals 23 3,83 349 87,25 4 6 
108 74 2 0,67 30 30,00 1 3 0,89 1,15 
Totals 2 0,67 30 30,00 
110 74 928 309,33 5120 1710,00 3 3 39210,89 242,52 1,12 1,29 
110 75 145 48,33 880 290,00 3 3 738,89 33,29 0,03 0,21 
110 76 1005 335.00 3670 1220.do 3 3 10672.67 126,53 o. 15 0,48 
Totals 2078 230,89 15670 1741, 11 9 9 
114 75 4 1,33 180 180,00 l 3 3,56 2,31 
Totals 4 1,33 180 180,00 1 3 
Table 7.4. (continued) 
SPEcrns YEAR NUMBER CPT WEIGHT WPT TRAWLS CPT VAR. !iPT STD. WPT VAR. WPT STD. 
116 71, 145 48.33 15340 5110.00 3 3 1184,20 42.15 17,40 5.11 
116 75 25 8,33 1800 600.00 3 3 57.56 9,29 0,24 o.s9 
116 76 23 7 .67 599 200,00 3 3 44,22 8,14 0.01 o.w 
Totals 193 21.44 17739 1971.00 9 9 
135 74 2 0,67 70 70.00 1 3 0,89 1,15 
135 75 2 0,67 50 50.00 1 3 o.s9 1.15 
Totals 4 0,67 120 60,00 2 6 
138 75 3 1.00 1380 690.00 2 3 0,67 1,00 
Totals 3 1.00 1380 690,00 2 3 
142 75 3 1.00 170 57,00 3 3 o.oo o.oo 0.01 0.02 
Totals 3 1.00 170 56.67 3 3 
151 74 2 0.67 5 2.so 2 3 0.22 0.58 
Totals 2 0,67 5 2,50 2 3 
273 75 1 0,33 200 200.00 1 3 0.22 0,58 
Totals 1 0,33 200 200.00 1 3 
275 74 8 2.67 80 40,00 2 3 4,22 2.52 o.oo 0.01 
275 75 177 59,00 1850 620,00 3 3 3296.00 70,31 0,35 0,72 






Table 7.5. York River System trawl data by salinity regime. 
ALOSA TRAWL DATA 
RIVER=MP SALI~JTY=FRESHMATER < o. 5 
SPECIES YEAR NUMBER CPT IIIIEIGHT lfPT TRAWLS CPT .YAR CPT STD WPT VAR WPT STD 
026 74 l 0.11 5 5.00 l 9 
TOTALS l 0.11 5 5.00 l 9 
032 74 51 b.:B 2%0 296.00 10 9 311. 75 6.22 138087.75 :nl.60 
032 75 121 10.08 5005 500.50 10 12 122.45 H.07 295402.50 51t3.5l 
032 1b ,75 9.38 4n3 615.38 8 8 19.98 4.47 39"9!i6. IU 026.22 
TOTALS 2!B a.12 12u88 4b0.29 28 29 
039 74 309 34.33 28155 3128.JB g 9 811.00 28.4ll 17741584.00 4212.07 
039 75 339 28.25 22 750 2068.ltl 11 12 662.20 25. 73 .Hb8817.,0Q 11135.43 
039 76 176 22. 00 6189 1023.1,3 8 II 9d.db 9.94 716576.56 8'tbo51 
TOTALS tl24 Zd.41 59094 2U0.50 .l8 29 
040 74 198 22.00 3220 536.67 6 9 3415.00 58.95 1433540.eo 1197.31 
040 75 6 o.5o JOO 100.00 3 12 1.36 1.11 11100.00 1011.11 
040 76 l 0.13 l 1.00 l 8 
TOTALS 205 1.01 3521 352.10 10 .2.9 
O.H 75 l 0.08 60 60.00 l 12 
TOTALS l o. 08 60 60.00 l 12 
060 74 8 0.89 340 68.00 5 9 0.86 0.93 1570.00 39 • .62 
060 76 1 0.13 8 8.00 l 8 
TOTALS 9 0.53 348 58.00 b 17 
Oti9 74 95 10.56 205 41.00 5 9 21<;.53 14. 82 555.00 23.5b 
08<; 75 &3 5.25 hl55 263.75 4 12 lo9.ll Ld:> 241156.2!> 4<;1. 08 
089 7b 52 6,50 <;2. o.oo 4 d 2.44.00 C.b2 972,00 31.113 f-' 
TOTALS 210 7.24 l35l 104,00 13 2'1 00 
f-' 
100 76 l 0.13 4 4,UO l 8 
TOTALS l o.u 4 4.00 l ll 
101 ,74 3 0.33 43U 143.33 3 9 U,25 o. 50 133.34 11.55 
TOTALS 3 0.33 430 143.33 3 9 
110 74 18 2.00 195 32.50 b 9 3. 50 1. t17 357.50 18.91 
llO 75 49 4.08 500 1uu.oo 5 12 Cjll,45 9.9.2 ltl350.00 135,46 
110 7b 15 l.138 92 23.UO 4 b ll,41 2.90 3bl.,b1 19,0'o 
TOTALS 132 2.83 7U7 52.,47 15 2'1 
( 
lilt 74 2 0,22 360 UUJ.OO l 9 
ll'o 75 4 0.33 2tl0 2ao.oo l 12 
( TOTALS 6 0.29 b40 213.33 3 21 
116 74 2 0.22 500 500.00 l 9 
_,.. TOTALS 2 0.22 500 500,0U l 9 
118 14 2 0.22 5 5,00 l 9 
( TOTALS 2 0.22 5 5,00 l 9 
141 74 94 10.44 200 50.00 4 9 222,03 14.90 200.00 14,llt 
TOTALS 94 10,44 lOO 50,00 4 9 




Table 7.5. ( con tin.ued) 














































Table 7.5. ( continued) 
ALOSA TRAWL DATA 
RIVER=l'IP SALINlfY:OLIGOHALJNE o.5 - 5.0 
SPECIES YEAR NUMBER C-PT IIIEIGHT tiPT TRAWLS CPT VAR CPT STD WPT VAR WPT STD 
005 7't 63 15. 75 'tO -\0.00 l 4 
005 76 l 0.25 2 2.00 l 4 
TOTALS 64 a.oo ftl 21.00 2 8 
02b 74 2 0.50 40 20.00 2 4 
TOTALS 2 a.so 40 20.00 2 4 
027 74 3 o. 15 7fJ 23.33 3 4 0.25 o.so 533.33 23.09 
027 76 l 0.25 l J.00 l 4 
TOTALS 4 a.so 71 17. 75 4 tl 
032 74 271 61. 75 3780 756.00 5 4 10!136.91 104.10 121030.00 347.89 
032 76 537 134.25 5610 141J.50 4 4 23452.91 153.14 1247692. 00 1111.00 
TOTALS 808 101.00 9't50 1050.00 9 8 
037 74 .l 0.25 10 10.00 l 't 
TOTALS l 0.25 10 10.00 l 4 . 
u39 74 b6 16.50 5440 1360.00 4 4 111 .oo 10.54 34t!OOO.OO 589.92 
039 76 22 5. 50 2491 830.H 3 4 3:,.00 5.92 5241l70.63 724.48 
TOTALS 81! 11.00 l'J31 1133.00 7 b 
051 16 4 1.00 113 56.50 2 4 
TOTALS 4 1.00 lb 5b.50 2. 4 
060 74 l 0.25 10 10.00 l 4 
TOTALS l 0.25 10 10.00 l 4 I-:' 
co 
101 74 4 1.00 620 206.67 3 4 U.bl 1. 82 17633.34 132.79 w 
TOTALS 4 1.00 620 206.b 7 3 4 
110 76 2 o.5o 11 11.uo l 4 
TOTALS 2 o.5o 11 u.ou l 4 
150 76 .l 0.25 l 1.00 l 4 
TOTALS l 0.25 l l.Ou l 4 
151 74 290 12.50 7720 1930.00 4 4 ,i369.b7 58.05 3100197.llO H60.71t 
151 71, 3 o.75 44 22..00 l. 't 





··%,...c.,. ..... ._. --
Tabl,e 7~5~ { 
AU)SA TRAl!IL OATA 
lUVER=PM SAL!NITY=FKESHWATER < 0.5 
) 
SPEC I ES YEAR NUMBER C.PT WEI GI-H WPJ' TRAWLS C.PT VAt< CPT STD WPT VAR WPT STD 
026 74 2 o. 15 20 10.00 2 13 
TOTALS 2 0.15 20 10.00 2 13 
030 74 1 o.oa 20 20.00 l 13 
TOTALS l i.l.08 20 20.00 l 13 
032 74 bl 4.69 31'>5 .26.:'..08 lL 13 1 a. 73 4.33 129633.9ft 3b0a05 
032 75 ZdO H,.41 lZlbO 197 .50 lo 11 4l.7 .• 76 20 •. btl 17.25192 .•. o.o 1313.41 
032 76 197 15. 15 5004 45<t_.9l 11 !il 23 7. ill 15.42 238130-25 4-!IU.bO 
TOTALS 538 12.51 2090\, 536.13 39 4.:1 
039 74 245 18.85 12070 92 8 .4,6 13 B 141.31 11 .lt9 't39.l6lo.3!1 b62.o9 
039 75 303 17.62 2Ud30 1301.88 lb 17 260.15 lb.13 2229502. 00 1493.J.7 
039 76 233 11.92 17972 17• 7.20 10 u o7L.91 25.94 4040123.00 2010.01 
TOTALS 7<11 ltl.16 50d72 L:104,41 39 it3 
040 74 140 10. 17 79~ 1135. 71 7 13 4i4,03 L0.35 lb\14995.00 l31b.l>'1 
040 75 bl 3.59 't5:lU jc,b.2!i tl 17 25.:ltl 5.v4 1 b53J.2. 50 't30.48 
040 11> ':12 f .OB 4291 613.00 7 u 223.0tl 14.94 5il.HiH.Oll 709.35 
TOTALS 293 6.81 lo 711 fo2.32 22 4j 
051 75 l o. 06 110 110.00 l u 
051 76 8 v.oz 246 49.20 5 LI 0.92 1). 96 ,:Ht,. 70 2,..,J,l 
TOJAl..S 9 il.30 356 59.33 b 30 
052 76 1 o. 01:J 5151) 5150.00 l 13 
TOTALS l O.Otl 5150 575i.l.OO l u 
I-' 
060 74 32 z •. 'tb 525 105.00 5 u 47.10 b. tio 2437l>..OO 151>. 12 CD 
060 75 9 0.53 420 10.00 b :17 O. 7b O.IH 3280 • .uO 57.27 ,I::,. 
ObO 76 l O. Od \12 ':12.00 1 13 
JOTA:1.S 42 0.9d 1031 l:l6.!t2 u 43 
089 14 H• 1.08 55 11.00 5 Ll 3.!tl l.85 67.:.il a.22 
089 75 l3 o.u, 30 7.50 !t 17 4.UJ La02 il.j3 2.t19 
089 7o l3 1.00 38 6.33 b 13 2. l 7 l.47 18.27 ,._27 
TOTAl.S 40 0.93 123 b.Li.l 15 4J 
100 15 5 0.29 4J 10.00 4 17 
TOTALS <j 0.29 40 10.00 4 l7 
101 7:> 1 0 • .06 100 100.00 1 11 
TOTALS 1 O.Ob 100 100.uo l 17 
l 
107 'Ht 2 0.15 30 15.00 ,I. 13 
TOTM.S 2 0.15 
( 
30 15.00 2 H 
lUl ,,. 46 3. 54 215 30.56 "J 13 27.94 5.29 12<;10.28 3§.92 
110 75 3 0.18 20 10.00 2 17 
l 110 76 20 1., ... llL 22.40 5 13 9,bO 3.10 658.80 ZS,67 
TOTALS 69 1.60 't07 25.44 lo 43 
Ult 1lt l o.oa 30 30.01) l l3 
114 76 1 o.08 372 :Hz.oo l 13 
TOTALS 
( 
2 0.08 402 .w1.oo l 2b 
~-,...-,.- .. 
_, ~·.!;- • • : ._,.,. __ .,._ - ·-
, ' 
Table 7.5. (continued) 
ALOSA TRAWL DATA 
RIV!:R=Pl1 SALINITY=FRESHWATER 
SPECIES VEAR NUMBER CPT WEIGHT 
lib 74 l 0.08 270 
TOTALS l o.os 270 
118 74 1 o.oa 5 
TOTALS l o.08 5 
151 74 3904 300.31 33940 
151 75 3358 197.53 34670 
151 76 104 8.00 1211 
TOTALS 7366 l 71.30 691>21 
199 75 l 0.06 10 
TOTALS l o. 06 lU 
257 76 3 0.23 1961) 
TOTALS 3 0.23 196& 
·- ..,j,t-: ... , ..... 
< 0.5 
WPT TRAWLS 
210.00 l 13 
210.00 l 13 
5.00 1 13 
5.00 l u 
Zbl0.11 13 13 
3151.82 11 17 
151 •• 38 6 13 
2181.'H 32 't3 
10.00 l 17 
10.00 l 17 
984,00 2 13 
91lft.OO 2 13 
















Table 1~5- {continued) 
ALOSA TRAldL DATA 
RllfER=PM SAUNH't=DUGOHA!.lltl: o.5 - 5.0 
SPECIES YEAR NUMBER Ci>T WEIGHT WPT TRAWLS CPT VAR CPT S JO WPT \/AR WPT STD 
005 74 3 1. 50 s s.oo l - 2 
TOTALS 3 1.50 5 5.00 l 2 
026 74 1 o.so 20 20.00 1 2 
TOTALS l o.so 20 20.00 l 2 
027 74 l o.so 5 !>.00 l 2 
TOTALS l a.so 5 5.00 1 2 
032 74 24 12.00 2790 2 790·. 00 l 2. 
032 7b 53 11. b1 33911 1132.67 3 3 U7.H 11.n 235610.50 485.:.<tb 
TOTALS 77 15.40 bl8b 1547.00 4 5 
039 74 4 2.00 170 110.00 l 2 
039 7b 2bb 88.07 36520 1Ll73.33 3 .;! 1743•-34 uz.04 3318':12Bb.OO 18217.92 
TOTALS 270 54.00 3bb'JO 'll 72.50 4 5 
051 1i, 2 0.67 148 148.00 1 3 
TOTALS 2 0.67 148 14ll.OO l 3 
ObO 74 2 1.00 Z!J 20.00 1 2 
TOTALS 2 1.00 20 20.00 J.. 2 
101 76 l 0.33 68 bl:l.00 l j 
TOTALS 1 0.33 bd bt>.00 l 3 
151 74 23 11.so 700 1uo.oo l 2 f-' TOT:JII..S 23 11.so 7uO 100.00 l z 00 
O"I 
t ....... ---
;;., i.:. ... ::", ,.-~· ,,,i,ti .,, \ '\ 
..... ,,.. 
Table 7.5. (continued) 
ALOSA TRAWL DAT A 
RJVER=PJ1 SALI~JTY=HESmtALINE 5.1 - 10.0 
SPECJ ES YEAR NUM8l:R CPT IJIEJGHT VPT TltANLS CPI VAR CPT STD WPT VAR -WPT STD 
005 74 uo 43.33 90 30.00 3 3 22§0.33 4 7 .44 700.00 26.46 
TOTALS 130 43.33 90 30.00 3 3 
026 74 6 2.00 70 35-,.00 2 3 
TOTALS i, 2.00 70 35.00 2 3 
027 74 1 0.33 20 20.00 l 3 
TOTALS 1 0.33 20 20.00 l 3 
032 74 50 16.67 l't60 41:16.67 3 3 1:10 • .33 8096 157033.b 3 396.27 
TOTALS 50 l6.b7 1'960 486.67 3 3 
039 14 60 20.00 7350 2450.0U 3 3 l.H.00 11.53 3190298.00 1786.14 
TOTALS 60 20.00 7350 2450.0U 3 .3 
051 u. 2 0.67 7D 10.00 l 3 
TOTALS 2 o.67 70 ?0.00 l .3 
060 74 ,. 1.33 uo 55.00 2 .3 
TUTAI..S 4 l.33 110 55~00 2 3 
103 74 22 7.33 25 8.33 .3 3 d.33 4.1>2 8.3J 2.89 
TOTALS l.2 7.33 25 8oJ3 3 .:I 
151 ,14 11 3.b 1 290 9/, .6 7 3 3 4. 33 2. 08 633.34 25.17 









r."· ,-....-,_ .• _ 
Taibl!e "L.5~ ( 
ALOSA TRAWL DA TA 
Kl\lE:t<=YK SAllNlTY=OllGOHALINE 0.5 - 5.0 
SPtCIES YEAR NUMtlER CPT nEIGHT Wl'J TllAWLS CPT \/AR CPT srn WPT \/AR WPT srn 
005 75 UH, 758 .• 00 230 us.oo 2 2 
TOY AL S 1516, 758.00 230 us.oo 2 2 
026 75 l o. 50 20 20.uo l 2 
TOTALS l 0.50 20 20.00 1 2 
027 75 l o. so 5 5.00 l 2 
TOTALS l o.5o 5 5~00 l 2 
030 15 l 0.50 10 10.00 l 2 
TOTALS l U.50 10 10~·00 l 2 
()32 75 18 9.00 140 7v. 00 2 2 
TOT AL S Ul '.I. 00 140 7U.UO 2 2 
037 75 1 0.50 40 40.00 l 2 
TOTALS l u.so 40 40.00 l 2 
OuO 75 1 o.5o 10 10.00- l 2 
TOT•ALS l o.5o 10 10.00 1 2 
lLlO 75 2 1. 00 10 10.U() 1 2 
TOTALS z 1.uo lU 10 .uo l 2 
103 75 12 6.00 15 1.:;o L 2 
TOTALS 12 6.U0 15 7.50 2 2 
151 75 l 0.50 30 :1U.0() l 2 
TOTALS l u .• so 3() 3U.OO l L f--' 
(X) 
:00 
Table 7.5. (continued) 
ALOSA TRAWL DATA 
RIVER=YK SALINJTV=MESOHALINE 5.1 - 18.0 
SPEC I ES Vl:AR NUMBER CPT WEIGHT WPT TRAWLS CPT VAR CPT STD WPT YAK WPT STD 
002 75 l o.os 90 90.00 l 12 
TOTALS l 0.0ll ·90 90.00 l 12 
003 74 109 7.27 2930 2.25.36 13 15 93.92 9.b9 71093.'>6 2bb.63 
003 75 25 2.08 l<H0 201.43 1 l.l U.td 4. 76 101%0.94 319.34 
TOTALS 13', 4.96 4340 21 7. 00 2D 21 
005 74 745 49.o7 2345 146. '56 lb 15 lSJl .24 39.13 60022.39 2{>4.99 
005 75 3692 30 7. b 1 l'>l.0 llllo33 12 l.l '"!!51->7.L~ 533 .98 25996.97 161.Z{t 
00!> 76 1502 65.30 1748 116.!>3 15 ZJ 4114'> 1. 49 220. 09 9o268d8 310.27 
TOTALS 5939 118. 78 :>513 12tl.'"l 43 50 
026 'l4 169 11.27 2085 139.00 15 15 110.35 10.so 161>29.29 126.95 
026 1'i 1 o. 58 70 11. o7 b 12 0.45 Oob.7 H,.·6i1 4.0.B 
020 76 ldl 1.;;1 1945 216.ll 9 2:i 334. 39 11:1. 29 149094.31 386.13 
fllTALS ,hi 7.14 41UO Ut>.o7 30 50 
027 74 1 o. 07 50 50.00 l 15 
027 75 6 o.50 25 6.25 4 l-2 O.b2 0.90 6.25 . 2.so 
027 76 9l9 40.39 2708 lL:l.09 a 23 4b3l>. H b'J.54 4d078.bo 219.27 
TOTALS 936 lb. 12 27d3 1U3.0.7 a )0 
030 74 5 o • .:l3 bU 40.00 2 'i:j 
030 ]b 3 0.13 31 hl.33 3 23 J.l, O...:l4 2.33 1.53 
TOT<ALS u 0.2 l 111 22.20 5 J>8 
031 -71t 5 0.33 l!l-9'0 31-8.00 5 15 0.24 .0.4'i 413120.00 -642. 74 
031 15 l O.O!l 10 10.00 1 :12 
031 76 9 0.39 4it7 6.:l.!lb 7 23 .Q.,d O.ob bbl 7.14 81.35 t-> 
TOTALS 15 0.30 2c>47 lllv.5'> l3 )0 00 
l..O 
032 74 1189 79.Z 7 il90b0 5560.25 16 15 10897.07 lO'o.39 232 90592. 00 4826. 03 
032 ,75 333 27.75 Ll7'JO luJll.33 12 12 1ou.02 20.61 3765050.llO 1945 • .52 
032 16 162 7.04 1 s2-;0 049.44 18 L, 19.)'1 8.'J2 1550bH.Ou 1245.20 
TOTALS loll4 33.08 l26u51J '-740.U 46 :w 
033 74 69 4.60 .UlJ 1 ... ;;.33 9 15 64.26 a.oz 17300.00 1.31.53 
OH 75 26 2.17 50V .. ,.50 8 12 5. 79 2.41 2564.29 50.64 
033 7b 3 0.13 ;5 H.50 L 23 
JOTALS 98 1.96 164!> :lo.5!1 19 50 
037 14 6 0.40 5b0 140.00 4 15 o.69 0.83 32266.60 179.bl 
ll37 75 8 0.67 60 12.uo 5 12 o. 'J, Odll 2.0.00 '-~--47 
037 76 '>5 1.96 380 lb.Ou 5 23 40.04 o.33 ll30be00 106.33 
TOTALS 59 1. l <> lOOJ 71.43 l't 5i.l _,,,. 
039 74 120 a.oo 111350 2031l.d9 'J 15 301 • 116 17~37 .r.970059.00 .2l29.,U, 
03'.I 75 2 O.l7 1230 615.00 2 12 
039 1b z 0.09 291 145.50 2 23 
TOTtiLS 124 Z.48 l9d1l 1528.54 13 50 
0't0 74 l 0.01 10 10.00 .l .15 
TOTALS l 0.01 10 10.00 l 15 
051 74 7 o.47 340 113.H 3 15 1.12 1.06 2133.34 46.l 9 GI) 
Table 7.5. 
ALOSA TRAWL DATA 
i<IVER=YK SAliNITY=MESUHALINE 5.1 - 18.0 
SPECIES YEAR i~UMBEf\ CPT WEIGHT t.PT TKAWI.S CPT \/AR CPT STD WPT \/AR WPT STD 
051 75 4 o.33 310 71.50 4 12 0.24 0.49 3d9l.67 62.38 
O::i l fo 11 0.48 982 140. 29 1 l3 0.12 0.1:15 3Hvtl.'.I l l.!lZ.5 l 
TOTALS 22 0.44 1<>32 11, .. s1 14 5() 
060 74 62 4. 13 :,U90 <l46.H b l.5 100.27 10.31 l3664H,.OO 1168.94 
060 75 4 0.33 oO t.o.6 7 3 12 0.42 0.65 433.H 20.!lZ 
TOTALS 66 Z.44 5110 574.44 9 !.1 
070 H, 56 3. 13 2o5 23.75 12 15 a.so 2 .91 U4.20 10.69 
070 7;, 1 O.Otl 10 10.00 l lZ 
TOTALS 57 2.11 2:9~ 22,.c,,.9 L, 27 
lJO 74 2 o.u 40 Zu.00 2 15 
luO 7~ 3 o.zs 15 '1.50 2 12 
lllO 76 l 0.04 5 5.00 l 23 
TLlTl>.L S I:, J.12 &O 12.00 5 5u 
lu3 74 .2ll 14.07 2<i5 21.92 13 15 203.n 14.2!> 314.74 17. 74 
lJJ 7:i JdO Jl.6 7 j4lJ 30.·H ll 12 L>'t2.42 JC,. 2.1 142'.1.O'I 37.&0 
lJJ 7o Z32 1(1 .• J'I 189 13.:>0 l'> 23 473.ol d. 77 lv06. 13 31. 73 
TUTALS an 16.40 dl4 21.42 3o 5U 
144 75 2 0.17 5 s.oo l 12 
1'>4 lb 1 0.04 l 1.00 l ;u 
TOTALS 3 o. O'J I:, 3,00 L 35 
l't7 Tb 1 0.04 \) o.oo 1 23 
TOTALS l 0~04 () u.00 ! LJ 
150 74 3 0.20 30 Jv.oo l 15 I-' 
150 7b 59 2. 57 25\J 14. 71 17 L3 10. 44 3.2J 282.97 16 .• b2 I.D 
TOTALS <>2 ~-63 LbU 15. 56 ld Jo 0 
151 74 do2 51.47 jSLt>O LJ5l.llU 15 1 :> 2441.55 4'1.41 332l:175o.Ou 11124.49 
151 15 L)C) 24. '12 '12o0 711.t,7 lL u 4.Jl.'Y• 2G, ! 9 46lid:l. :'>o b79.44 
151 76 9d 4.26 2bcd .C:V"i'oVO u 23 7o,ll ,::..,. i 2 74i>:>3.td l12.bb 
TOTALS 125'1 2:>. lei 4 7193 ll7\l.tiZ 40 jc) 
152 74 39 2.60 120 10.\11 ll 15 4.91 2.23 39.09 6.25 
152 75 27 L.25 iJJ 11.43 1 12 7.4d 2.n 39.29 b.27 
TOTALS bb 2,44 200 u. II. l.J LI 
154 74 <; O.bO ·HO jLJ, 33 j H L .11 1.45 .::ll5L33.44 :>34.07 
154 75 l o.oa 5 s.oo l 12 
154 76 l a.o ... 9 \1,00 l 23 
TOTALS 11 o.zz 9;,4 l'.16,tJO 5 50 
156 74 2 0.13 10 s.oo L 15 
TOTALS 2 O.Ll 10 '.>.00 L 15 
190 76 1 o.04 ':>5 ':>5.0u l zj 
TOTALS l 0.04 55 55.00 l ;u 
225 74 l 0.01 5 5.0u l 15 
TOTALS l 0.01 s ':i.00 i 15 
Table 7.5. (continued} 
·"' 































Table J.5. {cont i.m:1ea.) 
ALOSA lRAril DATA 
Rl\lER=YK SAUN!TY=PiH. YHAUNE 18. l - 30.0 
SPECIES YEAR NUl'IBER CPT WEIGHT WPT TRAWLS CPT VAR CPT STD WPJ VAR WPT STD 
0()3 74 13 l.63 -.so %.00 5 tl -..21 2.01 7230.00 85.03 
003 75 12 1.33 6tJO 136.00 5 9 s.oo 2.24 23130.00 152.09 
TOTALS 25 1. 41 1160 llb.Oll 10 17 
005 74 5430 b18.15 blt00 BOO.Ou tl !! 1437707 .oo 1199.04 2Dao1 n.oo ,1<11 .. 2.28 
005 75 5324 591.56 493~ ol6.Sil d 9 400lld7.b9 632.52 40523:'>.25 b3b.58 
TOTALS 10754 b32.59 11335 70S.44 lb 17 
021, u. 24 3.00 240 40 •• 00 6 8 a.db 2.98 !>80.00 26.08 
026 75 6 0.67 90 22.50 4 9 0.75 0.87 25.00 5.00 
TOTALS 30 1.11, 330 33.00 lU 17 
027 15 3 0.33 20 10.00 2 ':I 
TOTALS 3 0.33 20 w.oo 2 9 
030 74 41 5.13 690 138.00 5 8 33. d4 5. 82 5270.00 72.59 
030 15 13 1.44 170 as.oo 2 9 
TOTALS 54 3.18 tl&O 122.81> 7 17 
032 74 3 o. 38 ,,.o J7o.uo 2 8 
032 75 140 15. 56 26950 o737.5iJ 4 ':I 547, 2tl 23.39 !834L28tl. 00 '>282. 79 
TOTALS 143 8.41 27690 4&15.0u 6, 17 
033 74 l 0.13 20 lu.00 l B 
033 75 24 2.6 7 450 75.00 b 9 20.50 4.53 10b30.00 103.10 
TOTALS 25 l.4 7 4 /() o7 .14 1 17 
037 74 l 0.13 10 10.uo 1 8 I-' 
037 75 4905 :>45. 00 6956() 11593.33 6 9 23BJ'tb.OO 1540A 5 7 742418944.00 .2.1;u,.1.31 '° TOTALS 4906 2fltl. 59 69H0 9930.57 7 17 N 
055 74 l O.l3 30 30.00 l tl 
TOTALS 1 O.L:I JI.) 30.00 l tl 
060 74 l 0.13 170 170.00 1 a 
060 75 2 0.22 320 lb0.00 2 'J 
TOTALS 3 0.18 490 163.33 3 17 
070 14 11 1.38 80 l.3.33 6 8 1.13 1.06 jb.t>.1 7.53 
TOTALS 11 1.38 il0 13.33 b tl 
100 75 2 0.22 l;, 7.50 2 'J 
TOTALS 2 0.22 15 7.50 2 9 
( 
103 74 bb50 831.25 5060 1U.ab 1 8 927024.19 962.82 531390.81 728.97 
103 15 12503 1389.22 a25o l l 78. 57 7 9 27'!1319.00 lb51.7tl llb55l3.00 1328. 73 
TOTALS 19153 1126.65 13310 950. 71 14 17 
131 15 l o.u 5 5.00 1 9 
TOTALS l O.H 5 ,.oo l <) 
1¥> 75 l 0.11 5 s.oo l 9 
TOTALS l 0.11 5 5.00 l 9 
150 14 b o. 75 45 15.00 3 8 l.3t> l.lb 175.00 13.23 
( 
-"--·~-,.~--._. --
Table 7.5. (continued) 
ALOSA TRAWL OATI\ 
RIVER=VK SALINITV=POLVHALJNE 16.1 - 30.0 
SPECIES VEAR NUM6ER CPT ,WEIGHT WPT 
150 75 19 2.11 110 27.50 
TOTALS 25 1.47 155 22.u 
151 74 28 3,50 1530 306.00 
151 75 242 26. tl'.I 101140 1115.56 
TOTALS 270 15.!H! 11570 1126.43 
152 74 3 0.36 lS 7.50 
152 75 lit 1-.!>b l9ll 27.14 
TOTALS 17 1.00 205 22.78 
154 74 5 0,63 970 970.00 
154 75 3 0,33 uO 40.00 




TRAWLS !;PT VAR 
4 9 9.11 
7 17 
5 ti 20.29 
<; 9 !115.11 
Ht 17 
2 8 



















Table 7.6. Rappahannock trawl data by 
ALOSA TRAWL DATA 
RIVER:RA SALINITY=FRESHWATER < o.5 
SPEC l ES YEAR 1\1Ulll8ER CPl WEIGHT Wl'l TRAWLS Cl'T VAR CPT STD WPT VAR WPT STD 
005 74 3 0.01 5 ,.oo l 46 
TOTALS 3 0.01 5 5.00 l 46 
031 14 2 0.04 .:120 320.00 1 46 
031 76 3 o.oa 50 16.67 3 37 O.Od o.za 111.:n 13.32 
TOTALS 5 o.o .. 370 92.50 4 <13 
032 74 1515 .:12.93 25180 92.0.71 211 46 <lO'H.08 89.76 4537bab.OO 2130.18 
032 75 1640 f>tl. 24 29015 llllli.\H, 24 .H 42i>l.27 65.43 l41l519a.-oo 1211>.69 
032 76 1370 50.54 21940 'J91.21 22 37 10.:'.6:>.25 101.32 1164975.00 1079.34 
TOTALS 5025 42.95 76135 1036.96 /4 11 7 . 
03\, 74 1182 25. 70 3405b 920.43 37 4t, '>426. 79 66.53 U499bl.OO .w.n .15 
03\, ]'j 678 19.94 43450 2172.50 21il 3'> 4902.05 70.44 3901>94't0.00 b.250.55 
039 76 5d3 15. 76 37705 .:'.513.67 l'> :H 39i8.i0 62.7b 3413't592.0ll 5!;91.61 
TOTALS 2443 2il.88 115211 lbi.JU.15 72 117 
040 74 1035 22.50 30250 840.Zd 3b 4b 1372.40 37.05 ll690J2 .OO 1081.20 
040 1"> 3B3 U.26 22265 t;24.63 n 34 094.'>0 29.91 31.22709.UO Ho7.!2 
040 76 526 14. 22 24't09 1061.Lb 2:l :H 973.23 31.20 b l652b0.00 248.2.99 
TOTALS 1944 lb.62 76924 894.4 7 <lb 117 
051 74 1 o. 15 080 130.UO 5 46 0.21 0.51 10130.00 103.59 
051 75 60 l. 76 58b0 'tlll.57 14 3't <J. a2 3.13 75'>013.31 <108.34 
051 76 18 J.49 '>139 5 !7 .38 ti J7 1.92 1.39 52738.2.56 7l6.2l 
TOTALS fl5 o. 73 106N 3'J5.52 27 111 
I-' 060 74 56 L •• a 1635 77.o& 21 46 4.00 2. uo 0018.93 lll.36 \.0 060 75 l. • .Ob 10 5.Uu L 34 ,:i:,. 
060 76 8 0.22 350 350.00 l 37 
TOTALS bb 0.56 l\,95 8:1.13 2't 117 
089 74 991 21. 54 4:>'>5 1 o:a.. 10 43 't,6 tlb:>o3b 29.3b 194d8.79 139.60 
OB9 75 183 5.3 B iH_.0 33.0B 2b 34 14l.52 11.90 .231B.lj 53.09 
.:189 1b 235 1.10 9u3 41.05 2Z 37 1110.11 13. Ill 27bl. 7b 52.55 
TOT AL S 1459 12. '>7 6.jU8 69.32 91 11 7 
100 ]':, l 0.03 20 20.00 l 34 
TOTALS l u.0::1 20 20.00 1 _;4 
( 107 74 35 o. 76 !>'JU 1o-..11 12 't,t, 4.45 2.11 591'11.0o 77.34 
107 75 393 11. 56 7955 s0a.21 H .:14 11'11'1 7. l l.l 43.4,. l85b'tl't.OO 1362.52 
107 76 'ob 1.24 b20 51.67 12 37 'J.ol.l 3.U 372!>.52 1>1.04 
TOTALS 474 4.05 <;lt,5 241.lo _j<J 117 
108 74 4 0.09 2!,J 125.00 2 46 
108 75 22 O.b5 1050 175.00 6 .H 4.90 2.21 2:2390.00 228.89 
1.:18 1b 2 0.05 135 135.00 l 31 
TOTALS 28 0.24 1435 15'J.44 9 11 / 
110 74 1093 23. 7o 10430 231. 7,; 45 4b 1-. 70 .45 38.35 186563.81 (t34.24 
110 75 686 20.18 7405 2 l4.2b 27 34 1716.51 'tl.43 2726to7.b3 522.35 
110 11:, 5\17 16.14 3'173 147.15 21 37 610.111 24.71.l 2llu72.52 167.55 
TOT A:l:S ... 2376 ZU.31 2lli08 .22U.2b 119 117 
.....,_., ... _ -·-, - ·-
Table 7. 6 .. (continued) 
ALOSA TRAWL DATA 
RIVER=RA SALIN!TV=FRESHWATER < o.5 
SPECIES VEAR NUMBER CPT WEIGHT WPT TRAWLS CPT VAR GPl" STD WPT VAR WPT STD 
114 74 l 0.02 20 20,00 1 4b 
114 76 1 o.o3 36 36.00 l 37 
TOTALS 2 0.02 5b 28.00 2 83 
116 74 156 3.39 21860 l3b6,25 16 46 tl8,47 9,41 42t1!>783.00 2010.21 
116 75 58 1,71 8250 1031.25 8 34 61.97 7,iH 44801£5.00 2116.63 
116 76 6 0.16 605 151.25 4 37 0,.H o.55 27%.92 52.-89 
TOTALS 220 lo t18 30715 1096.96 28 117 
1J5 74 l 0.02 90 90:00 l 46 
135 75 ! 0.03 20 20 .oo l 34 
TOTALS 2 0.02 11() 55.0(J 2 tlO 
142 75 9 0.26 820 205,()0 4 34 1.11 1.05 45233.33 212.68 
142 76 9 0.24 127 21.l 7 6 3 7 0.36 O.b() t,23.31 24.97 
TOTALS 18 0,25 '147 94.10 10 71 
151 74 2750 59. 78 49705 1605.97 31 46 13926.21 111:l. U l ll321i374,UO 2885.89 
151 75 374 11.00 3320 301,82 li 34 136:,. 5tl 36. ';J:;, 3 Hltl!> l. 44 564.67 
151 76 244 6,59 3079 25o,58 12 37 547.19 23.39 245tl99,75 495.88 
TOTALS 3368 Zt1. 79 56184 lU'tv,44 5,, 117 
275 75 l 0,03 5 5.00 ! 34 
TOTALS -1 o~ 03 5 :;.ou ! 34 
314 15 19 o.5o 350 <t3. 75 ti .:>4 2 .. !5 1.50 15.B.93 39.17 
314 76 3 0.08 3&b 193.00 !. 37 1--' 
TOTALS 22 o. 31 13b 73.60 10 71 "° lJl 
997 76 0 o.oo u o.oo l 37 
TOTALS () o.oo \) u.00 I. 37 
998 76 0 o.oo 0 u.oo '.> 37 




Table 7. 6. (continued) 
ALOSA TRAWL DATA 
RIVER=RA SAllNITll'=OLIGOttM.iNE 0.5 - 5.0 
SPECIES ll'EM NUMBER CPT IIIEIGIH WPT TRAWLS CPT IIAK CPT STD t.lPT I/AR l!il'l STD 
003 1't 6 2.00 2't0 120.00 2 3 
TOTALS 6 2.00 240 120.00 2 3 
005 14 191 65.67 30 10.00 3 3 
005 75 l3 z. u 15 5.00 J 6 
TOTALS 210 23.33 45 7.50 6 9 
026 74 5 J..67 iG o.67 3 3 O.H o.sa a.33 2.'B'll 
02b 76 1 0.20 6 !>..00 l 5 
TOTALS h 0.75 26 b.50 4 8 
021 76 4t, 9.20 1:15 21.25 4 5 229.70 15.16 1151.58 33. 9.3 
TOTALS 46 9.20 1:15 21.25 4 5 
031 75 7 1.11 15 37.50 2 6 
031 76 8 l.60 115 57.50 2 5 
TOTALS 15 1.36 l'i>O 47.50 4 11 
032 74 l79 5'J.67 1230 410.00 3 ., 't756.JJ <>ti. 97 195JOO.OO 't4l.93 
032 75 1553 2'>8.83 21040 3506.67 0 b 113335.00 3Jb.65 2 L:144224. 00 46l9.9tl 
032 76 ill 7 163.40 764 7 1529 .40 5 5 7103:, • .:!5 2<>6.5.:! 43739.,_L .OQ 2091.40 
TOTALS 2549 ldl.07 29917 Ll Jo.,13 14. 1" 
033 74 l 0.33 10 10.00 l 3 
TOTALS l 0.33 10 10.00 l 3 
037 75 1 0.17 5 5.00 l b I-' 
037 76 l 0.20 4 4.00 l '.> I.Cl 
TOTALS 2 0.18 <; 4. 50 .2 11 m 
039 74 3 1.00 '.>40 210.00 2 3 
ll39 75 2 o.33 60 bU.00 l I;; 
TOTALS 5 ll.56 bllU 200.00 3 y 
.:>51 74 l 0.33 50 50.0ll l 3 
OH 75 226 37.t,7 7110 ZH0.00 3 b 4563.46 b7.55 't8t,.ou91l. oo 2201.!>7 
051 76 5 1. 00 4U5 ;wz.50 2 5 
TOTALS 232 16.57 7:'>b5 l2bO.dJ 6 14 
089 15 l O.l/ 5 s.ou 1 0 
089 76 10 2.00 32 lo.00 2. 5 
TOTALS 11 1.00 31 12.H 3 u 
103 75 4 0.67 10 s.oo 2 0 
103 76 l 0.20 1 1.00 l 5 
TOTALS 5 0.45 ll 3.67 J ll 
107 76 4 o.ao 50 16.67 3 5 0.10 o.a,, 133.:U U.55 
TOTALS 4 o.ao 50 lo.67 3 5 
\. 
110 74 l 0.33 5 5.oo 1 3 
110 75 l 0.17 5 s.oo l 6 
LlO 76 18 3.60 95 31.67 3 5 23.30 4.83 424.33 l0.60 
TOTALS 20 1.43 105 21.00 5 14 
.· ...... ,-·-~·~ -- · ........ --~ 
Tc:l.ble 7.6~ { co:n.tinued) 
ALOSA TRAWL DATA 
RIVER=RA SAU NHY=Ol I GOKAI. INE 
SPECIES YEAR NUMBER CPT WEJGliJ 
142 75 l 0.11 50 
TOTALS 1 o.u 50 
144 74 ,1 -.0433 5 
TOTALS l 0.33 5 
151 74 377 125.67 9080 
151 75 193 32. 17 1030 
151 76 065 133.00 332.7 
TO:f ALS 1235 ddo2! U437 
275 75 l 0.17 5 
TOTALS 1 0 .• 1 7 5 
314 76 1 0.20 10 





..-·,'1.:·,:-. .-..... :-,.-·"'" 
o.5 - 5.0 
-!4PT JRAHI.S 
50.00 l 6 
50.00 1 6 
5#00 1 3 
5.00 l 3 
3026.67 3 3 
20.'>.00 5 b 
831. 75 4 5 
Ul9.75 12 14 
5.00 l 6 
s.oo :i .i, 
Ul.OO l 5 
10.00 l .:, 
-.1-'. 
















Table 7.6. (continued) 
ALOSA TRAWL OATA 
RI\IER=RA SALINITY=MESOHALRNE 5.1 - 16.0 
SPECIES 11'1:AR NUMBER CPT l!ll:i Gi'IT l!IPT TRAWLS CPT VAR CPJ STD l!IPT I/AR l!IPT Sri) 
003 11,, 10 0.40 350 !H.50 4 25 1.58 1.26 9491.66 97.43 
003 15 4 0.13 160 40.00 4 30 
TOTALS 14 0.25 510 td.15 8 55 
005 1 .. 228 9.12 2li5 U.57 21 25 191. 44 l3.&4 350.36 111.12 
005 75 489 16.30 120 30.00 24 jO i24o.84 .15.31 2639.13 51.31 
005 76 3 0.10 3 1.00 3 30 
TOTALS 120 a.47 1008 2l.OO 48 85 
026 7't l09'il 't3.9o 92LO 4bl.OO 20 2, 23508.21 15 3. 32 210061>0.~il 1449.37 
02€, 75 595 l',1. 83 l2'i,90 832.67 15 30 4331.45 65.,H 36925ld.00 1921.59 
026 76 111 3.70 1329 102. ZJ 13 30 41 old 6.42 15357.36 123-9!2 
TOTALS 1805 21.24 23039 47<;.98 4l.l tl5 
un 74 132 5.28 425 3L.69 B 25 9;,. 2 9 9.IH 2023.40 44.98 
027 75 13b Zto.5J 4790 479.00 10 30 9 .. 14. bll <;7 .03 1135715.00 l0b5. 70 
027 76 1237 41.23 2934 122.25 24 30 10.w ... 32 10 l~ 02 73076.l.5 271.43 } 
JOTALS 2105 24. 76 8149 l 73.3ii '•1 8!.) 
030 74 8 0.32 55 11.00 5 2:> 0.4<> 0.69 67.5U il.22 
030 75 12 0.40 .2lu 70.00 3 30 l • 7(J l .30 40().Ut) 20.00 
TOTALS 20 0.36 2b5 .:13.13 <J. :.5 
031 74 l8 0.12 lOYO l!H.67 6 25 _j.46 1.1u, 85816.(>3 292.94 
031 75 2 0.01 20 20 • .:io l JI.) 
031 76 66 z.zo 1()7,<J 9 ld.U'i ll .:l\.l 19.96 4.47 7128981.00 26 70.02 
TOTALS 86 1.01 ll<l6'.1 659.::19 l ti tl5 f-' 
\;Cl 
032 74 4713 ldtl.52 210050 lU030.95 2l 25 17510:..Sl 't:'.9.24 315ob.8't dO • 00 177b7.06 co 
032 75 3027 lUO.'JO 20611!0 <>247.lO 25 :!O !172'>8.13 3i !.. ti5 442051072.JO 21025.0l 
032 76 4573 152.43 2:>290:, 12 04 3. 1)9 21 31.l 161961.So 4'.J2o44 2 752762<:18.tll.l 16591.45 
TOTALS 12313 144.d6 669735 ,;9<,0.04 &1 8:> 
033 74 71 2.84 610 62.31 13 25 l ':<. Bl 4.45 3235.90 56.88 
OH 75 249 1:1.30 3820 ,!93.85 13 3,J 399.04 19.9d l67t:171.5o 409.72 
TOTALS 320 5.82 ,.1:,.,u l7il.J8 26 :,5 
037 74 75 3.00 1790 291l.33 6 25 lld.67 10. 89 307896. 75 s,-..118 
037 15. 7423 241. 4 3 10d790 4029.2.b 21 30 8!>4Sb.:l.50 924.43 234102320.00 15320.00 
037 76 ,,. 2..4 7 lJlJ 72.36 14 j\j lu.os 4.48 6617.33 81.35 
TOTALS 7572 d9.o;; 1ll59J LH4.32 47 /;l:, 
03'1 75 l 0.03 '.100 900.00 l 30 
039 +6 2 0.01 192 %.00 2 30 
TOTA!..S 3 0.05 1092 3o4.oo .J 60 
044 75_ l 0.03 220 2.20.00 l 30 
TOTALS l 0.03 220 22.0..00 ! 30 
051 14 24 0.96 92.0 102. 22 9 25 b.81 2.62 26'i194.lt5 H>'t.30 
051 75 lo4 5.lo1 9340 5tH.15 u, 3U \il9.d4 9.99 o3U65l.63 794.26 
051 1b 30 1.00 5llo8 o5tl.0O b JO 1.s2 2.74 507117.l<j 712.54 
TOTALS 211:l 2o5o l:>loO<> 49 l .03 31 tl5 














.. , - 141,.-t) 
SPECIES ,YEAR NUJlol&ER CPJ tiHGIH -wP1' 
060 75 2 0.01 50 25.00 
ObO 76 i 0.03 8 tl.00 
JDJALS .. 0.05 31B 79,.50 
Oo70 7• t :O,.Oft :s '!i.00 
0'71) 75 1 c0.03 20 io.oo 
TOTAL'S 2 o.ott .25 12~50 
103 11. 410 .lb .. ltO fJ5 7.'92 
10.3 75 50b 16.81 640 .-.2.~ 00 
103 16 -98 3.27 57 £.as 
TOTALS 1014 11-93 992 l':1.08 
107 76 15 o.so l5l ]b.,O 
TOTALS 15 0.50 153 76.50 
110 75 2 0.01 40 -l>0.00 
110 76 1 0.03 4 tt.oo 
TOTALS _3 o.os 4<t .22.00 
135 14 1 0.04 5 l>.,.DO 
JOTALS l 0.04 5 5 •. oo 
150 74 3 o. 12 15 7.50 
150 75 147 •• 90 3360 240.00 
150 76 45 1.50 29.11 2<t..H 
TllTALS 195 2.29 3o65 Uii.89 
151 14 62 2.48 1990 221.11 
151 15 37 1.23 1796 l-9'J.51t 
151 76 47 1.57 1L52 lO!t.33 
TOTALS 146 1.12 50~8 H,7.93 
15.2 'alt ft o.u, 20 '.>.oo 
152 15 2 .0.011 35 17.50 
b2 76 1 0.03 26 26.00 
TOTALS 7 o.oa tll U.57 
153 75 2 0.01 15 1 .. so 
153 16 1 0.03 1 1.0.0 
TOTALS 3 0.05 lb 5.33 
1S4 1-lt i o.oa f>'tll .iJ20.00 
TOTALS 2. o.oa 640 320.00 
231 15 1 o. 03 70 10.00 
·'TOJALS '"' 0.03 70 10.00 
.215 15 3 0.10 40 20 .. 00 
TOTALS 3 0.10 40 20.00 
995 76 l 0.03 3 3.-0J 
TOULS2 l 0.03 3 J.OU 
99ti 74 0 o.oo 0 o.oo 
TOTALS 0 o.oo 0 u.-oo 







12 25 Zli65.6"7 5.0.o!i :!>:Z...OB 1.;zz 
20 3{) lOU.Hi :a1.ao U5S..95 6l.3t 










Ht 30 9.il .t,1 9.oa .!9!>119,.l 9 56-b.M 
li 30 7.3.t, 2.7J. .302 .. 70 17.;{f;l} 
241 -85 
'I--' 
9 2!ii 32.0l 5 .. ~b '6.IWU.Ob .21>1.-% -~ 
>,I .30 -l 4. 5.3 3 • .o.l -110¾3.uO 332.48 
















1 30 Q) 
l 25 
l 25 
Table 7. 7. Potomac River trawl data salinity regime 
ALOSA TRAWL OAT A 
RIVER=PO SALINITV=FRESH•AJER < 0.5 
SPECIES VEAR NUMBER CPf WEIGHT lill'l TRAWLS CPT VAR CPT STD WPT VAR ll\lPT STD 
031 74 2 0.06 50 25.00 2 31 
031 75 l 0.04 10 10.00 l 28 
031 H, 11 o .• 52 679 16'.l.75 4 .H 2.95 1. 72 ,.noo.n 221.95 
TOTALS 20 0.22 139 10~.57 7 ',;2 
032 74 4482 144.58 97525 42'>0.21 23 31 84000. 75 28',.83 5301751)4.00 721:U.32 
032 15 3212 H4.7l 55227 2045.44 L1 Z<l 7134\J.U Zo7.10 U-029552.00 412!>.69 
032 76 7319 223.61 77104 J532.00 22 33 146624.lltl 31H.U! 29769171>,00 5451>.l 7 
TOTALS 15073 163. 84 2304;,6 3200. 78 72 9.2 
039 1'> 82 2.65 3575 223.44 16 .:n 17.24 4.!5 91 769. 06 302.93 
039 75 50 1. 7':I 2Z30 l 71.5-. 13 28 lil.10 4.25 87364.0o 295.">7 
03'.I 76 13 0.39 804 114.86 l 33 l.;,6 1.25 .:Hl3J7.h 195.80 
TOTALS 145 1.58 66U9 183.58 3b 92 
040 74 124 4.00 2525 hll.00 25 31 14.67 3.83 57.B •. H 15.12 
040 75 296 10.:,7 9305 387.Jl 24 28 !84.40 13. 5il 2.:!57:>9.13 485.53 
040 16 140 4.24 0576 252. 92 26 B 42.0& 6.49 241831.19 491.76 
TOTALS SbO 6. 09 lo'tOI> 245.41 ]'j 92 
051 74 374 lL.06 Lio20 628.lt! 22 31 921;!. 5 3 30.47 149il':109.00 1224.30 
u51 75 Hl o. <>4 2260 251.ll 9 2tl 1.42 1.19 42161.12 205.33 
051 76 31 o. ':14 31()1 3117. 63 II 33 '•· 75 2.18 536142. 00 732.22 TOTALS 423 4.bu l'lltH 491.BZ 39 '12 
052 75 3 ll.ll l';,950 5310.66 3 ltl 0.10 0.31 2940tUIO.OO 11.1.4.90 
TOTALS 3 u.ll 159'.:>0 5JJ.6.b6 3 28 N 
0 
060 74 3 0.10 60 30.0ll 2 31 0 
060 75 53 1.89 lUll 161.43 l 211 60.54 7.78 317-.7.1>3 178.18 
TOTALS 56 0.95 1190 uz.22 9 59 
089 74 15 0.48 130 u.oo 10 31 O.bo O.ill 117. 711 10.85 
089 75 17 0.61 75 7.50 10 2tl 1.06 1. ()J f'494 2.t.4 
Otl9 76 55 l.67 l'J2 14.17 13 33 ill. 7'J 3.2':I 256.53 16.02 
TOTALS t1 7 0.9,, !,'17 12.03 33 'o/2 
107 76 1 o.z l lo':1 9.80 5 .>J o • .;;o 0.55 13.70 3. 70 
TOTALS 7 0.21 49 9.tlO 5 3.> 
110 14 23 0.74 275 17.19 l.o 31. O. tlO 0.139 189.90 13.18 
HO 75 70 2.50 l.200 92.H L:I 2d 33.U 5.10 l 7719.23 13l.ll 
110 76 \18 2.97 9711 65.20 l!> 33 113. 03 l0.o3 2271,l.tau 150.87 
TOTALS 191 2.08 2453 55.75 44 92 
ll't 14 2 0.06 150 75.00 2 31 
114 76 l 0.03 13 u.oo l 33 
TOTALS 3 0.05 163 =>4. 3 3 3 64 
116 74 1471 47.45 156440 539'o.4tl ,29 3l 5431.06 73.70 6202blltl0.00 7,875.11 
116 75 856 30.57 ':15700 34ll.il6 28 28 770.9'} 21.11 !180llbS.OO 2967.69 
ll6 76 374 11.33 53953 2. 158.12 25 H 321.73 17.94 0921849.00 2632.08 
l TOTALS 2701 29.36 306093 3HZ.84 82 n 
135 14 2 0.06 .80 lt0.00 2 31 
--~-~-:·,.-, ... 
. ,.--- ----~-
Table 7.7. (continued) 
ALOSA tRAWl. Oll'TA 
RIVER=PO SAtlNIT¥=FRESHWATER 
SPECIES YEAR NUMBER CPT WEIGHT 
135 76 4 0.12 313 
TOTALS 6 0.09 393 
136 u. 1 0.03 7 
TOTALS 1 0.03 1 
142 74 l o.o3 40 
TOTALS l 0.03 40 
151 74 20 O.bli HilO 
151 15 411 1.75 155 
151 • 76 1 0.03 73 
TOTALS 70 0.1& 170d 
192 74 l 0.03 ·5 
TOTALS l o. 03 5 
998 76 0 o.oo 0 






156.50 2 33 
98.25 4 64 
7.00 ,l 33 
1.00 l 33 
4U.00 l 31 
40.00 l 31 
164 • .t.4 9 31 
31.00 5 28 
n.oo l 33 
113.117 15 92 
s.oo 1 H 
s.ou 1 31 
o.oo. 2 33 
o.oo 2 33 













Table 7.7. ( ) 
ALOSA TRAWL OAlA 
RIVER=PO SALlNllY=OllGOHALlNE 0.5 - 5.0 
SPECIES YEAR NUMBER CPT WEIGttl WPl TRAWLS CPT VAR CPT STD WPJ VAR Wl'T STD 
005 74 13 l..44 bl> 13.00 5 9 2.53 l.59 132.50 u.s1 
005 75 73 9.13 U5 31:1.33 3 ,; 3J.u. l 3 17.61 1058.:H 32.53 
TOUI.S 86 5.06 180 22.so 8 17 
026 76 3 0.43 40 20.00 .2 7 
TOTALS 3 0.43 4,.0 20.00 2 1 
031 74 3 o.:n 20 i>.67 3 9 0.25 .o.so ll.JJ 2.89 
031 75 5 O.b3 130 4'<1. H 3 8 1. 13 1.00 933.·33 30.55 
031 76 42 6.00 522 87.00 6 7 36.0U 6.00 12063 • .ZO 109.92 
TOTAi.$ 50 2. 08 o7Z 56.00 12 24 
032 74 4142 460,, 22 8 j()t,0 9451.U 9 '; 92269.75 303.76 5711ll536.UO 7561.ll5 
032 75 8tltl8 llH.00 167980 23997.14 1 <l 65bl.91:1. t!l 810.06 210024464.ou H5l2.9l 
032 76 4345 620.il 59239 841><'..71 7 1 lHJ79tl. l3 332.llb 305<>4336.0u 5528.50 
TOTALS 17375 7L3.96 3LU.79 13:>H.35 23 24 
031 75 l 0.13 30 30.00 1 ti 
TOTALS 1 o.u 3U 30.00 l 0 
040 74 l o.u 60 bO.Ou l ') 
040 75 l 0.13 10 10.00 1 tl 
040 76 l 0.14 3 3.00 l 7 
TOTALS 3 0.13 H 24. 33 j 24 
051 74 812 90.22 35500 3"1"4.44 ', <) 554<1.70 74.49 U57455'2.00 3402.14 
051 75 30 3.15 43t!O B lt.. 00 5 d ,:3.Jt> 4.1:13 4ll9230.00 b39.7l N 
051 71, ll'l4 110. 57 b:>d95 ',,4!3.51 7 1 74oL.95 !H,.5ll 21025216.00 51'.l.8.5!1 0 
TOTALS 2036 84.83 10:; 775 503t,. ,,o 21 24 N 
060 74 l 0.11 70 70.00 l 9 
060 75 15 1.88 610 1a.oo 5 8 6.98 2.64 24470.00 l5b.43 
Ot>O 1h 2 0.29 313 156 .so 2 7 
TOTALS 18 0.75 <;9J 124.B 8 2¼ 
103 74 1 .0.11 5 5.00 l 9 
103 75 l 0.13 5 5.QO l e 
TOTALS 2 0.12 10 5.00 l 17 
llb n 21 3. .• 00 4b70 77d.33 b ·; 20.75 4.50 973136.IH 986.48 
116 75 b i.J.75 1 UU 585.00 .2 tl 
llo 76 Ft 2.00 230(, '>61.20 5 1 3 •. H l. 83 69'>29. 75 263.50 
TOTM.S '>1 1.96 814t, 62b.62 13 .:'.4 
\ 
135 74 3 0.33 30 10.00 3 9 0.2s a.so 15.00 a.60 
135 75 l o.n '>0 40.uO l <l 
( 135 76 3 0.43 121 ov.!>O 2 7 
TOTALS 7 1).29 l',,l 3l.d3 C) 24 
136 1& l 0.14 1 .7 .oo l 1 
TOTALS 1 O.H, 1 1.00 1 1 
1'>2 75 2 0.2s .260 uo.oo 2 0 
TOTALS 2 0.2s ZbO 130.0() 2 ti 
( 
'~"--··-.: ............. "' -
Table 7.7. (continued) 
·ALOSA TRAWL OATA 
RIVER=PO SALJNJJY=OLIGOHAL INE 
SPECIES YEAR N0"11iE¾!. CPT WEIGHT 
141t 74 1 0~11 -5 
144 76 l 0.14 1 
TOTALS 2 0.13 b 
151 14 32 3a5b !cf>90 
151 75 106 13.25 ago 
151 u, 41 6. 71 l6lfl 
TOTALS 185 1. 71 41911 
275 74 1 0.11 30 





'.... ~. ' ,, ' 
0.5 - 5.0 
:WPT TRAWLS 
5.00 1 9 
1.00 l 1 
3.00 2 lo 
2u.2; il 9 
148.33 0 8 
269.61 6 1 
209.<JO 20 2ft 
30.QO l <J 
30.00 l 9 
















Table 7. 7. 
ALOSA TRAWL OAJ A 
Rl\/ER:PO SAL lNH'r=MESOHAll NE 5.1 - 111.0 
SPEC !ES YEAR NU1!9BER CPV ~flGHT WPi Tl<Aldl..5 CPT \/AR CPT STD !oli>T VAR WPf STD 
003 74 2 0.12 t,O 30.00 2 17 
003 75 2 0.10 100 100.00 l .20 
TOTALS 4 0.11 160 5:l.33 3 ':;] 
005 74 41 Z.41 75 6.82 11 11 11.26 3. 36 Z l.Jb 4.t.2 
005 75 396 19.bO 490 :H.M l3 20 l2o~4iH 35 .bl 2727.St, 52 .. 23 
TOTALS 431 11.,Bl 565 23.5!> 24 Jl 
0.26 14, 21 1.24 2'i,5 40.83 6 l1 o,01 Z.4o 12(>4.·l r 35.27 
026 75 45 2.2 5 931.l l3<'..8b 7 20 b.:..b7 1. '.HJ 89257._U 298. 76 
026 7o 65 4.06 623 t,9.22 9 16 41.'>3 6.44 5702.20 75.91 
TOTALS !31 2.41 1798 81.73 22 5.:! 
027 14 14 0.tJZ 85 H,.17 .b 17 <'.. 53 i. 59 114.17 Hl.bll 
027 7'j 16 o.oo 75 l ti. 75 4 20 5.33 2.31 239.5.8 l!>.4ti 
027 76 117 1.31 475 47.50 10 lb 168.50 12.91:1 lo9d9.lb 70.b3 
TOTALS 147 2.11 b35 31.75 .w 53 
031 74 5 iJ.29 1330 443.33 3 17 0.47 o.o9 633.53 25.17 
031 75 1,4 3.20 18930 1720.91 !l 2u 44. b <; b.b9 ft23\19'o9.UO 2497.99 
031 1b 19 l.19 471 11 7. 75 4 lo 5. \10 2.43 ll5\14.\ll 92.71 
JOJALS dB 1.66 20731 1151. 72 HI 53 
032 74 89b s2.11 74940 4408.23 17 17 2893.4/ 53.79 11l!>l2M,.OO 4141.•l 
032 15 5114 255.70 232980 12943.33 ld 20 166948009 -,u8.59 2 7dUd3.;128 .OO H,675..83 
032 76 59 3.&9 7633 b93.9l 11 lb 24.bJ 4.9b 19"1d4.3d 631.88 
TOTALS 606'1 114.51 315553 t>l:15'1.85 41, H 
N 
033 74 128 1 .53 3320 237.14 14 l7 01.01 "1.Uu liO'tObo 56 21:13.56 0 
OH 75 25tJ 12.90 oOlO 1502.50 4 20 2ub2.09 ¼5.41 43944Z't.Oll 2096.29 .i:,,. 
TOTALS 386 10.i.3 \13.rn 518 •. B 18 J7 
037 74 11 0.65 7U 17.50 ,,. i1 2.99 l. 7.J 275.00 H,.58 on 75 .88 4.40 2210 130.00 11 2l) J!.41 5.bll 235 75.UO 153.54 
037 76 l. 0.13 l \I 9.50 2 lo 
TOTALS 101 1-91 2299 9\1.91, 23 5.i 
040 75 l o.os 30 30.00 l 20 
TOTALS l 0.05 30 31).00 1 2U 
0-44 74 1 0.06 160 lbu.oo l 17 
044 75 l 0.05 500 500.00 l LU 
TOTALS 2 0.05 b6ll 330.00 2 H 
051 74 15 0.88 'lbU 240.00 4 17 c.11 2.47 91800.00 302.99 
051 75 7 0.35 bL0 124.00 5 bl 0.56 0.15 11030.00 105.02 
051 76 8 0.50 426 11.,n b lo 0.,3 0.13 954eb7 30.90 
TOTALS 30 0.57 2006 133.67 15 53 
l 103 74 485 2!1.53 135 19.29 1 17 10639.1>4 103.15 978. 57 :u.2a 
103 75 bb 3.30 100 b.b1 15 20 27-27 5.U lb.bl 4.011 
103 76 29 1.a1 13 2.b0 5 lb lb.lb 4.02 4.80 2.19 
TOTALS 580 10.94 246 9.19 n 53 
150 74 3 o. 18 15 5.llO 3 17 








Table 7.7. (continued) 
ALOSA TRAWL DATA 
RIVER=PO SALINITY=MESOHALINE 
SPECIES YEAR NUMBER CPT WEIGHT 
150 75 5 0.25 40 
150 76 7 0.44 29 
TOTALS 15 0.28 84 
151 75 18 3.90 1580 
TOTALS 78 3.90 1580 
153 75 15 0.75 45 
TOTALS 15 0.75 45 
275 75 l 0.05 10 
TOTALS l 0.05 10 
5.1 - 18.0 
l!IPT TRAl!lLS 
20.00 2 20 
7.25 4 16 
9.33 9 53 
263.:H 6 20 
261.33 6 20 
7.50 6 20 
7.50 b 20 
10.00 l 20 
10.00 1 20 
CPT VAR CPT STD WPT VAR 
1.06 1.03 26.9l 
58.·41 7.b4 65066.75 











Table 7.8. Total estimated biomassof non-migratory species of 
freshwater zone of each river system expressed in 
millions of grams. Oxbows separate. 
1974 1975 1976 
James River 117. 37 82.97 65.94 
Turkey Is land Oxbow 53.53 46.94 31.47 
Jones Neck Oxbow 43.42 92.60 13 .44 
York River System 
Mattaponi River 17. 53 11.59 6 .07 
Pamunkey River 17. 76 23.75 12.44 
Rappahannock River 39.01 22 .18 15.88 
Potomac River 315. 92 186. 85 162 .18 
Table 7.9. Estimated number of overwintering juvenile alosine fishes in annual winter 
surveys. 
AREA 10 6m2 
ESTIMATED NUMBER (IN MILLIONS) 
RIVER SPECIES 1974 1975 1976 
James 118.64 Blueback 0.050 0.010 0.200 
Alewife 0.400 0.100 0.300 
American Shad 0.040 0.010 0.009 
York 69.63 Blueback 0.004 0.008 0.700 
Alewife 0.200 0.010 0.100 
American Shad 0.040 0.010 0.002 
Rappahannock 119.91 Blueback 0.100 0.700 1.200 
Alewife 1. 000 0.600 0.100 
American Shad 0.007 0.100 0.000 
Potomac 342.61 Blueback 0.050 0.060 0.400 
Alewife 0.070 0.200 0.200 
American Shad 0.000 0.000 0.000 
TOTAL Blueback 0.204 0.778 2.500 
Alewife 1.670 0.910 0.700 









Figure 7.1. Map of study area for 1974-1976 investigations. 
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APPENDIX II 
Table of fish code numbers, common names and scientific 
names. 
Code # Common Name 
002 Black Sea Bass 
003 Summer Flounder 
005 Atlantic Croaker 
026 Alewife 
027 Blueback Herring 
028 Hickory Shad 
030 American Shad 
031 Striped Bass 
032 White Perch 
033 Spot 
037 Atlantic Menhaden 
039 White Catfish 
040 Channel Catfish 
044 Winter Flounder 
051 Gizzard Shad 
052 Carp 
055 Tautog 
058 Spotted Seatrout 
059 Pigfish 
060 American Eel 
070 Spotted Hake 
071 Northern Searobin 




















































Common Name Scientific Name 
Quillback Carpiodes cyprinus 
Tessellated Darter Etheostoma olmstedi 
Sea Lamprey Petromyzon marinus 
Longnose Gar Lepisosteus osseus 
Bay Anchovy Anchoa mitchilli 
Eastern Silvery M5nn01r1 !!Y:~)ognathus regius 
Golden Shiner Notemigonus crysoleucas 
Spottail Shiner Notropis hudsonius 
Shorthead Redhorse Moxostoma macrolepidotum 
Brown Bullhead Ictalurus nebulosus 
Tadpole Madtom Noturus gyrinus 
Margined Madtom Noturus insignis 
Northern Pipefish Syngnathus fuscus 
seed Lepomis gibbosus 
Bluegill Lepomis macrochirus 
Crappie Pomoxis nigromaculatus 
Johnny Darter Etheostoma nigrum 
Yellow Perch Perea flavescens 
Naked Goby Gobiosoma bosci 
Striped Blenny Chasmodes bosquianus 
Feather Blenny Hypsoblennius hentzi 
Tidewater Silverside Menidia beryllina 
Atlantic Silverside Menidia menidia 
Hogchoker Trinectes maculatus 
211 





















Common Name Scientific Name 



































Job 8. Shallow Water Population Indices - Pilot Program 
Summary 
1. Only 17 alosine fishes in a total of 8,040 specimens 
comprising 33 species were collected in 64 beach seine 
tows. A total of 15,562 alosines in a total of 44,888 
specimens representing 22 species were collected in 
94 trawls during the beach seine pilot program. 
2. Spottail shiner (Notropis hudsonius) accounted for 
58% of the specimens collected at beach seine 
stations. 
3. Trawl data reveal blueback were evenly distributed 
in all depths during darkness but congregated in 
shoal areas at dawn and dusk. 
4. Alewife were evenly distributed at all depths during 
pre-dawn hour trawls but concentrated in midwater 
during daylight hours. 
5. American shad followed a similar pattern except that 
they were not evenly distributed in the pre-dawn 
trawls. 
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Job 8. Shallow Water Population Indices - Pilot Program 
The 1974 beach seine program was designed as a pilot 
program to determine the extent to which shoal and beach 
areas in the nursery zone are utilized by alosine fishes. 
It was also designed to determine the extent of lateral 
and vertical movement by these fishes during daylight and 
darkness. A section of the nursery zone was selected and 
sampled simultaneously from shore zone to mid-channel over 
a 25-hr period. 
The beach seine survey was conducted on 19, 20 and 
21 August, 1974 in the James River in an area of high 
alosine abundance within the nursery zone (mile 30 through 
84, Fig. 3.2). This area was divided into two sampling 
zones: one between mile 49 and 52 ("B" station) and one 
between mile 56 and 58 ("A" station) (Fig. 8.1). Each 
zone had four sampling sites, two on either shore. Bottom 
types were either sand or sand gradually becoming gravel as 
one moved offshore at each site. Each zone was sampled 
continuously for 25 hr. 
Two methods of sampling were employed simultaneously 
to meet the goals of the program (beach seining and trawling). 
Two tows were made at each station with a 100' x 6' x ¼" 
beach seine. Two repetitions were employed since DeLacy 
I 
and English (1954) reported no significant data improvement 
from additional repetitions. Each beach seine swing 
originated at a point on shore, from which the net was 
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stretched in a straight line to the full length of the net, 
or as deep as possible (limited to wader height). The 
"deep-end" was pulled parallel to the shore until the net 
was stretched to its full length. The ''deep-end" was then 
turned toward shore and landed approximately 15 ft from the 
"shallow-end" of the net. 
Directly offshore from each beach seine station, three 
ten-min tows were made with a 5' x 5' Cobb trawl: one 
surface and one midwater tow in the channel and one surface 
tow in shoal water (less than 15 ft of water). 
The fish from each tow were weighed and measured 
either in the field or later in the lab. The 5' x 5' Cobb 
trawl strained an average of 7.6 times more water per station 
than did the beach seine (3186.00 m3 vs. 419.24 m3), 
respective£y. 
Unfortunately, the pilot program did not yield the 
anticipated results due to the low abundance of the 1974 
year class of alosine fishes. Data are presented first as 
total community structure for the beach seine and trawling 
segments and secondly, as abundance of alosine fishes. 
Results presented are pooled data from "A'' (miles 56 
through 58) and "B'' stations (mile 49 through 52). The 
results are divided into six time frames: pre-dawn darkness, 
0000-0359; dawn, 0400-0600; morning daylight, 0601-1200; 




A total of 8,040 specimens representing 33 species 
were taken in 64 beach seine tows during the 50 hr peri&d 
covered in the survey. The largest catch-per-unit-of-
effort (c/f) (effort=one swing) occurred between 2011-2400 
hr and the smallest c/f occurred between 0601-1200 hr. 
Spottail shiner, Notropis hudsonius accounted for 58% of the 
total number of specimens taken and was the most abundant 
species captured in each time frame. As expected the 
lowest c/f for spottail shiner (33.7) occurred in the 
morning (0601-1200) and the highest c/f (132.9) occurred 
in the evening darkness (2011-2400). The next most 
abundant species, banded killifish, Fundulus diaphanus, 
channel catfish, Ictalurus punctatus and golden shiner, 
Notemigonus crysoleucas, accounted for 19% of the total 
specimens caught. All exhibited greatest c/f during day-
light hours when c/f of spottail shiner is at its lowest 
(Fig. 8.2). The satinfin shiner, Notropis analostanus, 
accounting for 6% of thetotal specimens caught, occupied 
the beach zone at the same time as the spottail shiner. 
The remaining 16% of the specimens taken, representing 
27 species, appeared only as incidental species except for 
white perch, Morone americana and pumpkinseed, Lepomis 
gibbosus which moved into the beach zone during dusk and 
I 
evening (Fig. 8.2). 
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Beach seine, Alosa species 
Only 17 alosine fishes were taken in the beach zone 
during the entire sampling period. Therefore, little can 
be said about their involvement within the beach zone 
community. Of the 17 alosine fishes taken, 16 were taken 
from dusk to dawn at the "A" station. The absence of 
alosine fishes in the beach zone may be attributed to the 
extremely small year class produced in 1974 (Job 3, this 
report) . 
Trawling (5 1 x 5 1 Cobb Trawl) 
A total of 44 888 specimens representing 22 species 
were taken in 94 trawls during this program. Surface 
channel trawls accounted for 26% of the total; midwater 
channel trawls, 35%; and surface trawls, 39%. The greatest 
species diversity occurred in the afternoon (1201-1814 
hr) at surface channel stations. The surface channel 
stations had the greatest species diversity overall with 
midwater channel stations second and surface shoal stations 
last. 
Surface channel (34 tows) 
Spottail shiner dominated the trawl catch in three 
of the time frames 0000-0359, 0400-0600 and 1815-2000, 
while blueback dominated the remaining time frames (Fig. 
8.3). Demersal fishes were taken in fair numbers only 
during the pre-dawn and dawn time frames. In all other 
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time frames these species were replaced by either pelagic 
or non-predator species. 
Midwater channel (34 tows) 
Spottail shiner dominated midwater trawl catches in 
five of the six time frames (Fig. 8.3). They represented 
45% of the fishes taken in the midwater trawl. Blueback 
accounted for 25%, ranking second; and bay anchovy, 18%, 
ranked third. These spe~ies were dominant in all time 
frames except pre-dawn (0000-0359) when threadfin shad 
displaced bay anchovy. 
Surface shoal (25 tows) 
Although the largest number of specimens were 
captured in shoal trawls this area had the lowest average 
number of species. Four species (blueback, threadfin 
shad, bay anchovy and spottail shiner) represented 99% of 
the specimens taken in shoal trawls. Blueback dominated 
four of the six time frames (from dawn through dusk) with 
threadfin shad and spottail shiner each dominating the 
2011-2400 and 0000-0359 time frames, respectively (Fig. 
8.3). Insufficient water depth for trawling at two stations 
in the "B" transect reduced the number of tows in the shoal 
zone. 
Trawling, Alosa species 
The distribution of juvenile alosine fishes by time 
frames illustrated both lateral and vertical movement 
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(Table 8.1). Blueback were evenly distributed in all 
depths during darkness but congregated in shoal areas at 
dawn and dusk, probably to feed. During the daylight 
hours"they were more abundant in the upper levels of the 
water column, moving out of midwater depths. Alewife, 
on the other hand, were evenly distributed at all depths 
during pre-dawn hours but were concentrated in midwater 
during daylight hours. Alewife moved to shoal areas at 
dawn and dusk but during early evening hours returned to 
the channel, remaining on the surface. American shad 
followed a similar pattern except that they were not evenly 
distributed in the pre-dawn hours. They moved from mid-
water to shoal areas at dawn and returned to midwater in 
morning light. At dusk their movement was again toward 
shoal areas. They returned to the channel in evening 
darkness, remaining near the surface, as did alewife. 
Although our beach seine program did not yield the 
anticipated results, Schuler (1971) reported beach 
seining was an effective method of sampling juvenile 
alosine fishes in the nursery area. The trawling portion 
yielded realistic and meaningful numbers which demonstrated 
both lateral and vertical movement of alosine fishes. Our 
program did provide useful data on the community structure 
within the nursery zone during daylight and darkness. 
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Table 8 .1. Catch per unit of effort 
a 5 1 x 5 1 Cobb trawl for 
depth by species. 
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Fig. 8.1. Station locations in the James River nursery area 
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Fig. 8. 2. 
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Fig. 8.2. (continued) 
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Fig. 8.3. Percent composition of 5' x 5 1 Cobb trawl fish 
collections-by time frame and water depth. 
1.57 % MISC. ---=:::::::=:;::::i~...:_-
1.4 % ALE.WIFE. 





















1.3 % ALEWIFE 












0601 - 1200 
TIME FRAME 
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1815 - 2010 
TIME FRAME 
11 -2400 
IL4% 
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20.5 % 
BLUEBACK 
SURFACE 
SHOAL 
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